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Introduction
Our knowledge of the biology of the seas around Antarctica began with the descriptions and
specimens brought back by the early naturalists on voyages of discovef to the Southem Ocean. Thefirst natural expedition in 1829 (with naturalist James Eights of Albany and the American sealing
captains Palmer and Pendleton) was followed by a series of expeditions, of which the one with th6Belgica, underthe leading capacity of the famous baron de Gerlache, exacily 100 years ago, belongs
to our national proud.
The results of these expeditions were compiled in several huge chronicles, which primarily
emphasized systematics and zoogeographical distribution. Later on, the focus of the research slighily
shifted to studies of life history, behaviour, and physiology as opposed to a consideration of the
community as a whole. Strong interest for community ecology became only apparent during the lastdecades, and so far, meiofaunal studies were a big white spot in Antarctic nentni'c ecology.
The metazoan meiofauna, defined as organisms within the size range of 3g-1000pm, andgenerally dominated by nematodes and harpacticoid copepods, are in terms of abundance ihe mostimportant metazoan group in marine sediments, often numbering millions per m2. They harbour manydifferent habitats in which they constitute a variety of feeding mechanisms, including herbivory,
bacterivory, detritivory, predatory, scavenging, absorption and suspension-feeding.
The interactive relations of meiofauna to other faunal elements and the contribution of meiobenthosto the energy flux through the benthic ecosystem can be assessed by measuring numericalparameters such as population abundance, biomass and production. The latter is, however, difficult to
calculate. The relevant biological parameters such as fecundity, natural and predative mortality,generation time, and other data on population dynamics are little known and highly variabl|.
compared to macrofauna, meiofauna usually has a low standing stock; but even in tiolt flats and in
the shallow subtidal, where macrofauna is relatively rich, the higher tum-over rate of meiobenthosgenerates a high production frequently exceeding that of the macrofauna. Energy flux diagrams have
repeatedly been designed to quantify the eneqetic connections of meiofauna with other faunal
compartments in the benthic system.
The close links between micro-organisms, detritus and meiofauna integrate meiofauna into a detrital
trophic complex. By preying on bacteria meiofauna maintains the bacterial populations in an
exponential growth phase. Meiofauna bioturbation also activates geochemical fluxes. ln particular the
diffusion rate of oxygen becomes activated, enlarging the oxic habitats of aerobic bacteria and many
meiofauna. The grazing impact of meiobenthos on phytobenthos is also well documented. A high, but
species-specific grazing pressure of meiofauna on for example diatoms is noted.
Numerous studies support the dead-end hypothesis concerning the limited energy transfer to higher
trophic levels. Stocks would then be regulated only for a minimal part by maiiofaunal predation.
However, many other investigations proved that this argument cannot be generalized. Furthermore,
numerous interactions of meiobenihos are often more differentiated and go beyond just
straightforward predator-prey relations.
In conclusion, meiofauna are tightly linked to macro- en micro-organisms, but inconsistencies render
a generalized idea of the links with other components of the food web fairly complicated.
Generalooal
The prime aim of the present study is to contribute to a better understanding of benthic
ecology. My major concem is to substantiate -or disprove- the influence of well-known environmental
forces on benthic distribution and functioning. By focusing on the extreme environment of Antarctica.
several question arised. My attempt was to answer them by restricting the investigations to the
traditional field ecology approach based on the soft-bottom meiofauna and a close view on the
nematodes.
While it is accepted that the Southern Ocean is of great importance in a global context, the
logistics needed for effective operation in the Antarctic are expensive investments, iunenly available
only to a few countries. Realizations of my ambitious plan, full of objectives, were, iortunately,
facilitated by the offer of the Alfred-Wegener-lnstitute for Polar and Marine Research in Oermany,
and the British Antarctic Survey in the United Kingdom. Within the European polarstern study, EpO$,
and the Signy- programme, many concunent surveys supplied valuable information for inierpreting
my results.
Research ooals
The first objective was essentially c,entred on observing and understanding these
environmental components. A summary of the basic environmental properties of Antarctica is given
in the infoduction (the physical and geological environment of Antarctica).
Throughout the thesis I will draw the attention to two contrasting conditions, e.g. the deep sea
and low subtidal, where the benthic characteristics are respectively indirectly or direcily related to
primary production as to the deflh of the water column (see map). The results are therefore divided
into two main blocks, each of them preceded by an intoduction to the respedive environment.
M ap of Anta rctica with the [ocation of the two sfudy siles in fhe Southem Ocean.
BLOCK 1 : MEIOFAUNA IN THE SHELF/SLOPE SEDIMENTS OF THE WEDDELL sEA
Chapter 1: Deepsea meiofauna communities in Antarctica: structural analysis and relation with the
environment.
The objectives of this study are
(-) to assess the composition and population densities of the meiofauna of Kapp Norvegia, in the
Weddell Sea and describe their distribution across the continental margin
(-) to relate the benthic structures to events occuning in the overlying water column
(-) to compare the results with other deepsea areas in the world
Chapter 2: Comparative study of the nematode communities in the bathyal Weddell Sea (Antarctica).
The objeclives of this study are
(-) to deliver a geographically extensive database from one of the largest shelf areas around the
Antarctic continent
New Zealand
(-) to undertake a comparative study of nematode distribution pattems and within-habitat diversity on
different spatial scales
(-) to integrate meiofauna and macrofauna patterns, the latter obtained from literature information(-) to applicate established theories to test whether the meiofaunal component of the zoobenthos
responds in a similar way to the extreme Antarctic conditions of food, ice and temperature as does
the macrofauna
Chapter 3: On the vertical distribution of the Antarctic meiofauna in the sediment profile along the
Weddell shelf/slope.
The objectives of this study are
G) to detect trends in vertical zonation in abundance and biomass of the meiofauna
(-) to detec{ trends in diversity, genus and trophic composition of the nematodes both at stations on
the upper and lower side of the shelf break
BLOCK 2 : MEIOFAUNA IN THE SEASONAL VARYING SHALLOW WATER SEDIMENTS
OF SIGNY ISLAND
Chapter t[: The metazoan meiofauna in its biogeochemical environment : the case of an Antarctic
coastal sediment.
The objectives of this study are
(-) to report the density, taxonomic composition and feeding guild structure of the meiobenthic
community of a shallow nearshore sediment within the northem limit of the Antarctic pack-ice
(-) to relate the data with a spectrum of environmental variables, including food and chemical regime
Chapter 5: The seasonalvarying biotope of Signy lsland : implications for meiofaunal structure.
This first year-round study on the ecology of meiofauna in Antarctica is designed to answer the
following two questions:
(-) what is the seasonal pattem of meiofauna community size and structure?
(-) how strong is the influence of the temporal changing environment on the structural characteristics
of the meiofauna taxa, and on the biomass, generic, trophic and age composition of the nematodes?
Each of these chapters take an own reference list because the contents of the discussions often differ
greatly from one another. However, at the end all references were integrated into one list as well.
Limitations durino the course of this PhD
One hypothesis asserted energy flow through the benthic system and between water column
and benthos. One summer season (1993/94) in Antarctica was devoted to this end. However, the
design of the experiments was not sufficiently adapted to the constraints of the prevailing low
temperatures. Therefore the outcome was not presented in this PhD.
A great degree of biological variability is to be expected even within the most simple faunal
assemblage. Consequently, the collection of multiple samples from each sampling location would be
expected to provide a best estimate of the fauna. Unfortunately, dictates of time and manpower,
especially inherent to field work in the Antarctics combined with working with such a small animals,
impose restrictions that override desirable statistical practices. Such limits existed so that the less
desirable two-sample analysis approach was often followed.
As suggested by the title of the dissertation I focus the work on the free-living marine
nematodes. I am fully aware that, by restricting the meiofauna studies to only one taxon, a great deal
of information is lost. However, nematodes constituted of more than 80 o/o of the total meiofauna. and
therefore I felt justified to go more into detail on this taxon only. To avoid too many losses the
observations on gross taxonomic level were discussed as well.
A taxonomic monograph is not included, despite the many attempts to analyze and draw the
nematode species. Taxonomic expertise on nematodes in the Antarctics is very old and, drawings are
often restricted to simple pictures. For the deep sea this is even worse, as species descriptions are
limited to a few recent works. Therefore I did not feel to go to lower level than that of the genera of
the nematodes.
At the beginning of the Antarctic p@ect, ecological processes occurring in the Antarctic
meiobenthos were unknown. Hence, the main goal was to develop a general overview of meiobenthic
community characteristics. Detail was often sacrificed for comprehensive generalizations.
Superimposed on that major parts were published, in press or in a phase of submitting to intemational
journals, what often resulted in the discard of 'superfluous' information. This was compensated by
gathering the raw data matrices in the second part of the thesis (see appendix).
Final notes
ln many respects, the Antarctic ecosystem is among the most pristine and least-threatened
habitats on earth. Fortunately, it is far enough from human civilization that pollution has had minimal
impact. lt is, however, an established fact that the Antarctic and its associated ecosystems are
vulnerable to the adverse effects that can be produced by human activities. The Antarctic Treaty,
ratified in 1961, forbids military activity, bans nuclear explosions and radioactive-waste disposal, and
mandates intemational cooperation and freedom of scientific inquiry. But what's the most important
the Treaty is unambiguous about the need for the protection of the Antarctic and the rational
management of its living resources.
I am not pretending that I am the one who will protect this environment from definite threats by writing
this PhD. But, in the light of the growing renewal of intemational interest in matters concerning the
Antarctic, and with the aim of Belgian's Antarctic Programme to maintain a level of scientific activity
allowing Belgium to continue to shoulder its responsabilities as a founder member of the Antarctic
Treaty, this dissertation demonstrates my willingness to participate in the international research effort
in accordance with the issues set out by the Antarctic Treaty System.
This dissertation provides a basic ecological framework for interpreting the many observations and
measurements on the deepsea and shallow-water meiofauna of Antarctica. lt is designed to serve as
a baseline for future research topics in the area.
By this I hope that this study will aid in the gathering of as much information as is needed to
understand the global importance of the Antarctic ecosystem.
However, as a consequence of its large size, isolation, and past interaction with the biota of different
continents, the coastal shelf region contains different faunal and foral provinces. The concepts
depicted in this study concem polar environmental effects in only two regions. Yet, a large part of the
Weddell Sea will remain unknown, and many-if not most-questions will be kept open for discussion:
how does the region off the Peninsula looks like? and what about the (abyss of) middle of the
Weddell Sea, at depths of 4000 m and more? or in the northern Weddell Sea where annual fluxes are
the smallest yet observed in the world ocean? what occurs underneath the ice shelf?
Other many other questions concem the annual variablty in the deep sea, the species diversity, the
metabolic activity of the meiofauna, etc...
Srrmmaru'l
SUMMARY
Compared to other oceanic regions the pelagial of the Southem Ocean exhibits several unique
features. In summer, when days are nearly totally light, the marine environment is free of fast ice and
produces very short, but extremely intense summer phytoplankton blooms. A continuum of
environmental processes eventually develops into the winter situation of nearly totally dark and low
temperatures, the marine environment becomes covered by ice and very little productivity occurs.
Benthic communities depend heavily on the supply of resources from the water column. Yet, the
seasonality, intensity and spatial heterogeneity of the vertical fluxes resulting from the pelagic
production will certainly affect its size and structure.
Until recently, Antarctic meiofauna studies were a tena incognita in the field of meiobenthology, and
meiobenthic research remained a big white spot in the ecological work on Antarctic marine
zoobenthos. Therefore the relative importance of this group of organisms within the size range of 38-
1000pm has been assessed in two contrasting environments, e.g. the deep sea and low subtidal,
where, as to the depth of the water column, the benthic characteristics were respectively indirecfly or
directly related to primary production. Several topics dealing with the extremes of the environment
were touched using the traditional field ecology approach on the higher taxa of the soft-bottom
meiofauna and, more particularly on the most abundant taxon of the nematodes.
Summarv: ll
Meiofauna in the shelf/slope sediments of the Weddell Sea
The metazoan meiofauna for this part of the study has been collected during the third leg of the
European Polarstem Study (EPOS) canied out by the RV'Polarstem' between 13 January and 10
March 1989. This happened within an integrated study of the benthos and fish communities in
relation to biotic and abiotic environmental conditions. The cunent project was designed to detect
how interstitial meiofauna was distributed along depth transects from 200 to 2000 m in the Weddell
Sea off Halley Bay (74-75'5, 25-29'W and Kapp Norvegia (71-72"5,12-13'W).
MEIOFAUNA
NEMATODES
DATA ANALYSIS
than 4% of the total. A typical skewed length frequency distribution was obtained with most
nematodes belonging to the 0.4-0.6 mm size-class (mean length: 892 pm; geometric mean length:
754Um; harmonic mean length: 646 pm). A comparison of the meiofaunal variables between the two
regions in the Weddell Sea could not detect gross differences in higher taxon densities and total
biomass. Clusters in multivariate analysis were primarily made on the basis of bathymetric location
and/or distance from the ice-shelf. A strong resemblance was found between the shelf stations off
Halley Bay (with high total density and intermediate biomass values), the deeper slopes of both
transects (which were poor in terms of meiofauna density and biomass), the shelf stations off Kapp
Norvegia (wilh a similar flourishing meiofauna population, but slightly different taxon composition
compared to the Halley shelf) and the upper slope off Halley Bay (with intermediate variables).
Features such as very high, but patchy primary production, with subsequent variable fluxes to the
sea bed must have induced small- and meso-scale variability between and within substrates. This
was reflected in meiobenthic distribution pattems.
Standing stock and distribution patterns indicated that the meiofauna from the Weddell Sea showed
similar features to major deepsea assemblages elsewhere in the world. Yet the results fit into the
regression of total metazoan meiofauna density with water depth, calculated for the North-east
Atlantic Ocean (Vincx et a|.1994).
Total meiofaunal abundance (both from SD and VD treatments) ranged from 815
lo 7237 ind. per 10 cm2 and total biomass from 126 to 1437 pg dwt per 10 cm2.
Nematodes dominated the samples (range 83-97 %), followed by harpacticoid
copepods, polychaetes and kinorhynchs. The other taxa comprised together less
Multivariate outputs (fwinspan, Group Average sorting, CA) on genus and
family level of organization divided the total nematode community into four
major groups : the upper slope off Halley Bay, the downslope off both regions,
the Halley Shelf, and a heterogeneous group consisting of a mixture of the shelf
Until now nothing was known about the structure of free-living marine nematode
communities in the high Antarctic. The attempt at surveying this numerically most
abundant meiobenthic taxon along the continental shelf and slope fumished
information on generic, trophic and age composition in the two regions in the
Weddell Sea. 7300 nematode identifications were analyzed by means of a variety of statistical
techniques covering univariate, multivariate and graphical methods.
From the 40 families, Chromadoridae were dominant (15%), followed by Comesomatidae (12Yo),
Desmodoridae (11o/o) and Microlaimidae (10olo). Sabatieria, with a relative dominance of 8olo ranked
first, whereas Molgolaimus, Microlaimus, Monhystera and Dichromadora had abundances of more
than 5olo of the entire nematode population. Co-dominant genera were Daptonema (4o/o), Leptolaimus
(4o/o), Acantholaimus (3%) and Cervonema (3%). Three fourth of the nematode communities (149
genera in total) was present with abundances lower than 1%.
The trophically diverse communities exhibited an equal sharing of epistrate (24-55o/o), non-selective
(22-4OYo) and selective ('18-49o/o) deposit feeders with a slight dominance of the first feeding
category. The predator/omnivores were much less present, averaging 5o/o of the populations.
break stations and the Norvegia shelf.
Total variability within the genus counts indicated, however, for a highly aggregated dispersion, which
was in descending order of magnitude observed at the station (between the samples), subregional
(between the shelf, shelf break, upper slope and downslope) and regional (between Halley Bay and
Summarv: lll
Kapp Norvegia) level. This paralleled high variation in trophic structure and life history of the
assemblages.
There was no single main gradient, but a complex interaction of different environmental variables,
explained the variability in the nematode distribution. The major agents behind the observations dealt
with sediment grain size (22Yo of the genera were significantly conelated with sediment
granufometry) and food contenl (28 o/o of the genera were conelated with any of the given food
variables) operating over the small (m and cm) and meso (km to hundreds of km) scales. Depth per
se had no major effect resulting in a rather abrupt transition from shallow towards deeper
assemblages. Underlying mechanisms included productivity, hydrodynamics, ice-related processes
and macrofaunal composition.
DIVERSITY
LITERATURE
TI{EORIES
Diversity was high, with on average 40 to 70 genera per station (cf Hill's No
diversity); expected genus numbers per 100 individuals (cf Hurlbert's
modification of Sander's rarefaction curves) between 30 and 54, and Shannon-
Wiener diversity between 4.1 and 5.4 bits ind-'. The k-dominance curves had
similar shapes, showing the same trends in the distribution of the dominant genera. Genus
abundance distribution curves demonstrated that, although genus richness differed greatly among
the stations (roughly dividing Halley Bay from Kapp Norvegia), the eveness was quite comparable for
allsites.
Global-scale comparisons with literature data were restricted to only a few
comparable studies. Striking was that the dominant genera Sabatieria,
Microlaimus, Monhystera, Daptonema, Leptolaimus and Acantholaimus from the
high Antarctic Weddell Sea were shared among vast areas along Atlantic,
Meditenanean and Arctic shelves and slopes, stressing the broad geographical and latitudinal
distribution of a selected number of genera, spanning an area from north to south.
On the other hand, 30 % of the genera higher than 1olo in the Weddell sea were not found as
abundant in other regions. This suggested a separation of large part of the nematode communities on
a geographical basis, and was conductive to a belief that continental margin assemblages showed a
less generic similarity than their abyssal and hadal counterparts (which themselves contain
predominant genera such as Theistus, Acantholaimus, Halalaimus, Desmoscolex, Tricoma,
Microlaimus, Syringolaimus and Sphaerolaimus). The most straightforward argument for this feature
was searched in the fact that environmental properties of the transition zones connecling the shelves
with the abyss are much more heterogeneous on a global scale than the deepsea sites stricto sensu.
Although comparing diversity of the high Antarcdic meiobenthos with nematode data on ocean-wide
scales was hampered for several reasons, the observed ranges of genus richness measures were
higher than in any other transecl.
A body of literature has arisen with mechanisms that regulate diversity patterns
in the deepsea biota. The co-ordinate of most theories, the stability-time
hypothesis of Sanders (1968), was applied to explain the observed diversity in
the Weddell Sea. The low temperatures and past history (glaciation, isolation
and age) were factors that added to the influence of present-day productivity, in placing the
nematode communities of Antarctica at some stage between biologically and physically controlled
communities. Furthermore, by applying the theory of Dayton & Hessler (1972), the previous
arguments were extended with the factor disturbance. Small-scale disturbances against a
background of relative constancy were suggested to induce elevated microhabitat heterogeneity in
which many taxa would co-exist. Larger scale disturbance, in contrast, would affect the habitat by
defaunating it, so that a complete recolonization was needed. The effect of iceberg-scouring served
as an example to clarify the hypothesis.
In a final step the impact of disturbance was analyzed by variance to mean ratios (12lesting), sensu
Lambshead & Hodda (1994). High percentage aggregation in the nematode populations was
suggested to be the result of biogenic disturbance from macrofaunal burrowers, whereas a
homogenization of environmental patches and reduced faunal aggregation were attrributed to
different intensity of physical disturbance.
Pasting all theories, the factors influencing diversity in the nematode assemblages of the Weddell
Sea included climate, time, productivity, environmental stability, physical disturbance and spatial
heterogeneity. ln the approach the possible biological controlwas not included.
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VERTICAL
DISTRIBUTION
CONCLUSION
substrates interfered with pellite concentrations, entailing differences between the stations.
The size structure of the predominating nematodes directed to an increase in length with maxima at
4to5cm.
Many nematode genera were confined to the upper layers, and from about 2 to 3 cm on only a
limited set of genera, including Molgolaimus and Sabatieria were still highly abundant. The most
dominant genera could roughly be classified into two sorts of associations: (1) those being relatively
more present at the surface, namely Microlaimus, Monhystera and Leptolafinus, and (2) nematodes
colonizing subsurface strata, Dichromadora, Acantholaimus, Molgolaimus and Sabatieria. The
change was accompanied by a slight shift in feeding types, the surface layers (0-2 cm) comprising
30-40 % epistratum feeders, the intermediate strata (2-4 cm) harboring mainly selective deposit
feeders (50 o/o), and the lowermost layers (4-10 cm) supporting predominantly non-selective deposit
feeders (30-40o/o). The structuring rOle of redox potential, grain size and food content was infened,
though keen attention is necessary in using the cunent approach for meaningful ecological studies of
deepsea meiobenthos.
The vertical distribution of meiobenthic organisms in the sediment showed that
in most cases animals were concentrated in the upper sediment layers
confirming the general patterns drawn from deepsea studies of meiobenthic
organisms. Relative subsurface abundances were lowest in the silts, but did not
differ very much from the silty sands. However, gravel percentages of the
A general conclusion of this study in the shelf/slope sediments of the
Weddell Sea was that the meiofaunal standing stock, composition and
distibution (both at horizontal scales along the transect and vertical
scales in the sediment profile) had great afiinity with comparable deep-sea studies world-
wide. Similarly, the r6le of environmental variables like redox potential, grain size and food
was of fundamental importance for structuring the meiobenthic communities.
However, although the Antarctic meiofauna in many ways had elements in common with
other communities along the continental margin, typical polar conditions added to a slight
shift in several features (like stock size and diversity), in some instances drifting away fiom
general patterns in other deep seas.
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Meiofauna in the seasonal varying shallow water sediments of Signy lsland
A temporal study on the ecology of meiofauna in the Antarctic, covering two austral winters and the
intervening summer from April 1991 to November 1992, together with a survey within the austral
summer of 1994, were undertaken in the low subtidal (10 m) of Signy lsland (South Orkney lslands,
60'42'S, 45"36'W). The project was designed to detect how interstitial fauna behave and respond to
the extreme ecological circumstances and events, typical for many polar coastal environments. lt
formed a part of an integrated British research programme at the study site.
ENVIRONI\4ENT
COMMUNITY
STRUCTI]RE
Evidence from literature demonstrated that the pelagic activity at Signy lsland
occuned through a summer bloom of large diatoms and colonial forms,
superimposed on a less intense but longer nanoflagellate bloom. At the heart of
the winter nanoplankton chlorophyll concentrations exceeded the microplankton
chlorophyll concentrations which were then very low.
The sequence of pelagic production and transmission of detritus to the underlying benthos, was
tracked in the sediments, with some weeks of delay for diatom blooms and no visible temporal delay
for the flagellate phytoplankton-fraction. Fresh food supply from both in situ benthic production and
pelagic deposition, was not only substantial, but exhibited a long duration as well, leaving the
sediments for only a very short period in the second half of the austral winter under trophic limitation.
As to several hypotheses that systems receiving pulses of directly available detritus should exhibit
population fluctuations closely tied to the rate of food supply, and giving the seasonal cycle of detrital
input and microbial food at the cunent site, it was expected a prioi that the metazoan meiofauna
would experience :
*distinct distribution charac{eristics during periods of high nutritive input
*a fundamental temporal change in their strudure and functioning over the entire annual cycle.
Extremely high meiofaunal abundances were, indeed, reported with annual
means between 5 and 7.5 * 106 ind. m-2. Classified second after Nanangansett
Bay (North Atlantic), the meiofauna reached peak values of slightly less than
20*10o ind. m-' and 14 g dwt m-'. Low taxon numbers with the nematodes
having abundances of up to 90 o/o were recorded. Similarly, genus diversity was
low, dominated by Daptonema, Aponema, Neochromadora, Sabatieria, Microlaimus and
Chromadorita, together comprising 97o/o of the total nematode population (and a total number of a
rough 15 000 nematode identifications). The dominance structure prevailed throughout the annual
cycle, with genus numbers between 9 and 14, and dominance diversity (given by the inverse of the
most dominant genus) between 1 and 4.
The dominating trophic strategies were epistratum and non-selective deposit feeding, with the
nematodes most probably grazing on a mixture of diatoms, bacteria and organic matter. The applied
classification of feeding guild structure sensu Wieser (1953) for the nematodes of Factory Cove was,
however, discussed. In particularly, the assignment of Aponema as a selective deposit or epistratum
feeder and Daptonema as a non-selective deposit or epistrate grazer, deserved more attention.
As a result of the high detrital input of organic matter in the sediments during the summer, the
meiofauna was strongly concentrated in the upper 3 centimetres of the sediments.^High nutritive
surficial layers (e.9. pigment content reached a maximum of 1300 mg Chl-a m-') and a high
reductive regime closely undemeath the surface (with pronounced compact sulphuric black layers),
were the suggested driving forces. Hence, shallow depth penetration may have occurred because of
the distinct chemical driven vertical zonation of food.
Overall, the nematode fauna showed a strong similarity with fine sediment communities elsewhere.
Furthermore, structural characteristics such as high abundances with low diversity, characteristically
encountered in advanced stages of organic eutrophication (e.9. beyond the ecotone point in the
Pearson & Rosenberg model), were in agreement with comparable ecosystems at other geographical
latitudes.
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HIGHER TAXA
SEASONALITY IN
TePRODUCTION
CONCLUSION
The meiobenthic community at Signy lsland showed also impressive temporal
fluctuations, in which episodic high dimensions of density and biomass
altemated with periods of less concentrated standing stocks. The combination of
direct and retarded relationships between many meiofaunal and environmental
variables proved for a tight coupling between the pelagic and benthic ecosystem
compartments.
The major response mechanisms of meiofaunal standing stock were summarized as follow:
-distinct abundances, lagging with a few weeks behind peak diatom production
-lower, though still highly fluctuating, stock during most of the year with immediate and lagged
responses to lower quality nanoplankton input
-strong reduced stocks in mid winter, when food availability was at its lowest.
However, two observations have drawn the particular attention: (1) although stocks were drastically
depressed in winter, they were still comparable to average values in many shallow soft bottom
communities, and (2) the winter, rather than being a long period of low stocks, was confined to at
most two months during late winter. lt was argued that these observations had to be searched in
response mechanisms of the meiofauna to the unusual pelagic phenomena during the summer
seasons of 1990/91 and 1991/92, both resulting in substantial, long-lived fresh food supply during
major parts of the year. Furthermore, other trophic sources such as the production by
microphytobenthos, sea-ice algae and bacteria must have induced the observed variability in the
meiofauna populations as well.
during most of the annual cycle), temporal fluctuations in the nematode populations could not
adequately be attributed to seasonal signals in the environment.
Harpacticoid copepods and turbellarians were the most sensitive to
sedimentation events. Nematodes, although showing some response to the
pelagic seasonality, were less strictly dependent on fresh supplies. Therefore,
and because of the high diversity in trophic food sources (which in turn lacked a
distinct succession along the temporal axis, and which were highly bio-available
A general conclusion of this study in the low subtidal sediments of Signy
lsland was that the meiofaunal standing stock and distribution (both
Nematode production at Signy looked continuous as juveniles, males and
females were encountered throughout the year and juveniles dominated within
the range of 14-59 %. However, by the observation that the relative numbers of
gravid females and juveniles were often highest during low nutritional periods, it
was suggested that reproduction effort before the season of bulk food supply
could have been an advantageous life style to cope with periods of lower energy production. With a
complete asynchrony in the reproductive cycles of the dominating genera, seasonal pattems in the
total nematode population were often masked, and therefore a downloading to the separate genera
Sabatieia, Aponema, Neochromadora, Daptonema, Microlaimus and Chromadonfa was done.
Based upon annual P:B ratios reported for temperate nematodes production was calculated between
2 and 38 gC m-'y-'. This greatly exceeded nematode production values from temperate regions
(such as the North Sea).
Despite the seemingly tight association of the meiobenthos with the seasonally varying environment,
correlations with the benthic environment represented only a very limited proportion of all possible
relations, and they were scarce when compared to the many correlations with sediment trap and
water column variables. lt was argued that the quality, rather than the quantity of the organic matter,
must be considered in ecological studies of this kind.
temporal and vertically in the sediment profile) was sfongly impacted by the temporal pelagic
and benthic environment. The dominance of a few nematode genera, with a concomitant
stable pattern of diversity throughout the annual cycle, and a restriction of most organisms to
the upper sediment layers during the austral summer, emphasized a tight coupling to the
eutrophic and reductive nature of the sediments, in response to the typical characteristics of
the pelagic. Therefore, the assertion of Clarke (19EE) that all levels of the Southern Ocean
food web are influenced profoundly by the seasonality of the primary production, holds also
for the low subtidal metazoan meiofauna.
Samanvatlinn' I
SAMENVATTING
De pelagische zone van de Zuidelijke Oceaan vertoont divese unieke kenmerken. Tijdens
de zomer, wanneer de zon weinig of niet ondergaat, is het mariene milieu ijsvrij en ontstaat
er een korte, maar zeer intense fytoplankton bloei. Daama evolueert dit geleidelijk naar de
wintersituatie. Dit is een periode van quasi volledige duistemis, lage temperaturen en een
zee bedekt met ijs. De produktie in de waterkolom zakt dan nagenoeg tot een nulpunt.
Benthische gemeenschappen zijn zeer sterk afhankelijk van wat er in de waterkolom
geproduceed wordt, en meer bepaald van wat hiervan uiteindelijk op de bodem terechtkomt.
Bijgevolg zijn de seizoenaliteit, intensiteit en ruimtelijke variatie van verticale fluxen van
deze pelagische productie zeer bepalend voor de structuur en grootte van de
bodemgemeenschappen.
Tot heel recent was de Antarctische meiofauna een tena incognita in het domein van de
meiobenthologie. Bovendien vormde het ondezoek van deze fractie van mariene
bodemdieren (38 - 1000 pm) een onontgonnen gebied in de totaliteit van de Antarctische
benthische ecologie.
De studie is uitgevoerd in twee gebieden, nl. in de diepzee en in de ondiepe sublittorale
zone, die zich onderscheiden door een al dan niet rechtstreekse koppeling tussen de
produktieve waterkolom en de onderliggende bodem. Er wed geopteerd om het effect van
verscheidene typische kenmerken van het polaire milieu op het meiobenthos, en meer
bepaald op het meest voorkomende taxon, de nematoden, te ondezoeken.
Samenvattina l l
Meiofauna van het continentaal plat en de continental helling van de
Weddell Sea
Voor deze studie werden de benthische gemeenschappen bemonsterd tijdens de derde fase
van de European Polarstern Study (EPOS), uitgevoerd van op de RV'Polarstem'tussen 13
januari en 10 maart 1989. De studie maakt deel uit van een globaal ondezoeksproject met
als doel het effect van het abiotische en biotische milieu op de bodemdieren en
visgemeenschappen te evalueren. Het huidige project is meerbepaald ontworpen om de
invloed op de groep van de interstitidle fauna te bestuderen. Dit gebeurt aan de hand van
staalnames langsheen twee dieptetransecten ter hoogte van Halley Bay Q4-75"S, 25-29'W)
en Kapp Norvegia (71-72"5,12-13"W) in de Weddell Zee, met dieptes varidrend tussen 200
en 2000 m.
MEIOFAUNA
NEMATODEN
De totale meiofauna densiteit (zowel van SD als van VD stalen) varieerde
tussen 815 en 7237 ind. per 10 cm'en de totale biomassa tussen 126 en
1437 ltg drooggewicht per 10 cm2. De nematoden domineerden met een ruwe
83 tot 97 o/o, gevolgd door harpacticiden, polychaeten en kinorhynchen. De
andere taxa vormden samen slechts een kleine 4o/o van het totaal.
De gemiddelde lengte van de nematoden in de gemeenschappen in het transect bedroeg
892 pm (geometrische gemiddelde 754 pm, harmonisch gemiddelde 646 Um). De
lengtefrequentie distributiecurves duidden op een dominantie van de grootteklasse van 0.4
tot 0.6 mm.
Er werden geen grote verschillen aangetroffen tussen de taxondensiteiten en de totale
biomassa's van de gemeenschappen in de twee regio's van de Weddell Zee. De
waargenomen distributiepatronen toonden echter wel het belang van de dieptelocatie van de
stations en hun respectievelijke afstand ten opzichte van de ijsshelf aan. Met multivariate
statistische technieken werden de meiofauna gemeenschappen in de volgende coherente
groepen opgedeeld: de stations van het continentaal plat ter hoogte van Halley Bay (met
hoge densiteiten en tussenliggende biomassa's), de dieperliggende delen van de
continentale helling van beide transecten (met lage densiteiten en lage biomassa's), de
stations van het continentaal plat ter hoogte van Kapp Norvegia (eveneens met een rijke
meiofauna populatie, maar met een ietwat andere taxonsamenstelling dan deze ter hoogte
van Halley Bay), en tenslotte the bovenliggende delen van de continentale helling ter hoogte
van Halley Bay (met tussenliggende variabelen).
ln het benthische milieu werd een duidelijke variabiliteit waargenomen die zich zowel op
kleine als op middelgrote schaal manifesteerde. Deze werd vooral toegeschreven aan de
effecten van een intense, maar ruimtelijk zeer geconcentreerde primaire productie, met
daaropvolgende variabele toevoer naar de onderliggende bodem. Dit werd vertaald in
geaggregeerde distributiepatronen van de meiofauna.
In een vergelijking met andere oceanen is gebleken dat de meiofauna in de Weddell Zee
overeenkomstige densiteiten en biomassa's vertoont met de meeste andere (rijke)
diepzeegemeenschappen: De resultaten van deze studie kwamen overeen met de regressie
opgesteld voor de totale densiteit van de meiofauna in functie van de zeediepte in de
Noordatlantische Oceaan (Vincx et al. 1994).
Tot op heden was er niets gekend over de structuur van de vrijlevende
mariene nematoden in Antarctica. In dit ondezoek werden de
genussamenstelling, trofische structuur en leeftijdsverdeling van de
gemeenschappen bepaald aan de hand van 7300 identificaties. De gegevens
werden onderworpen aan een reeks statistische technieken, waaronder univariate,
multivariate en grafische methoden.
Op een totaal van 40 families waren de Chromadoridae het meest vertegenwoordigd (15o/o),
gevolgd door Comesomatidae (12Yo), Desmodoridae (11o/o) en Microlaimidae (10%).
Sabatieria domineerde met een relatieve abundantie van 8olo. Daarnaast waren de genera
Samcnvattinn ' lll
Molgolaimus, Microlaimus, Monhystera en Dichromadora eveneens sterk vertegenwoordigd
met abundanties van meer dan 5% van de volledige nematodengemeenschap. Co-
dominanten waren Daptonema (4o/ol, Leptolaimus (4%), Acantholaimus (3%) en Ceruonema
(3Yo). 149 genera (drievierde van de gemeenschap) haalden echter uitermate lage
percentages, dikwijls met cijfers lager dan 1olo.
De voedingstypes van de nematoden waren evenredig verspreid, met de epistratum-eters
varidrend tussen 24 en 55 o/o, de niet-selectieve deposit-eters tussen 22 en 40olo, en de
selectieve deposit-eters tussen 18 en 49o/o. De predatoren/omnivoren behoorden tot een
kleine 5o/o vdn de totale nematodenpopulaties.
DATA ANALYSE
DIVERSITEIT
LITERATUUR
Met multivariate statistische technieken (fwinspan, Group Average sorting,
CA) konden de stations op basis van hun genus-en familiesamenstelliing in
vier grote groepen worden opgedeeld. Ze bestonden uit het continentaal
plat en de bovenste gedeelten van de continentale helling ter hoogte van Halley Bay, de
diepere gedeelten van de continentale helling van beide regio's en een heterogene groep
bestaande uit het continentaal plat van Kapp Norvegia en de overgangszone tussen het plat
en de helling. De nematoden vertoonden een sterk geaggregeerde spreiding. Deze was het
meest uitgesproken tussen de stations (stalen), en vervolgens in dalende volgorde tussen de
subregio's (continentaal plat en continentale helling) en de regio's (Kapp Norvegia en Halley
Bay). Deze geaggregeerde distributie manifesteerde zich eveneens in de trofische structuur
en leeftijdssamenstelling van de nematodengemeenschappen.
De waargenomen patronen werden gerelateerd tot een aantal omgevingsvariabelen. Hieruit
bleek dat er niet iets bestond als een gradidnt, zoals men wel zou verwachten uit de
dieptevariatie van de stations. De variatie binnen de gemeenschappen werd daarentegen
eerder veroozaakt door een complexe interactie van diverse milieuvariabelen, die elk op
zich discontinu veranderden langsheen de transecten. Hiertoe behoorden voomamelijk de
sedimentsamenstelling (22 Yo van de genera waren significant gerelateerd aan de
korrefgroottesamenstelling) en de voedselconcentraties in het sediment (28 o/o yafi de genera
waren gecorreleerd met de diverse trofische variabelen). Dit gold zowel op een kleine (m en
cm) als middelgrote (km en enkele honderden km) schaal.Het uiteindelijk resultaat was een
abrupte, eerder diepte-onafhankelijke, overgang tussen de verschillende gemeenschappen.
De factoren aan de basis van de variatie in sediment- en voedselsamenstelling werden
gevonden in de productiviteit en hydrodynamica van het pelagische milieu, de karakteristieke
eigenschappen als gevolg van shelfijs, ijskap en ijsbergen, en het voorkomen van
macrobenthische gemeenschappen.
De diversiteit van de nematodengemeenschappen langsheen de
dieptetransecten was hoog, met een gemiddelde van 40 a 70 genera per
station (cf Hill's Ns diversiteit), een gemiddeld aantal genera tussen 30 en
54 bij een staalgrootte van 100 individuen (cf Hurlberts modificatie van
Sanders diversiteitscurves), en een Shannon-Wiener diversiteit tussen 4.1 and 5.4 bits per
individu. The k-dominantie curves waren nagenoeg identiek, wat wijst op een vergelijkbare
verspreiding van de dominante genera over de diverse stations. De distributiecurves konden
opgedeeld worden in twee grote groepen (grofireg overeenstemmend met Halley Bay en
Kapp Norvegia). De sterke overeenkomst in de vorm van de curves bewees echter dat de
spreiding van de individuen over de genera (eveness) in het geheel niet veel verschillde.
Het uifuoeren van een mondiale vergelijking met literatuurgegevens bleek
niet zo evident te ztjn. Gezien de schaarste aan beschikbare
overeenkomstige studies werden de huidige gegevens van de Weddell Zee
slechts vergeleken met de data van de Middellandse Zee, de Atlantische en
de Arctische Oceaan. Opvallend waren de steeds terugkerende dominanties van Sabatieria,
Microlaimus, Monhystera, Daptonema, Leptolaimus en Acantholaimus. Dit benadrukte de
grote geografische distributie van de desbetreffende genera. Ondanks deze treffende
overeenkomst waren er ook nog een groot aantal verschillen. Zo bleek dat 30 % van de
genera (met abudanties hoger dan 1o/o) in de Weddell Zee niet als dusdanig voorkwamen in
andere diepzeegebieden, wat dan op zich pleitte voor een scheiding tussen geografische
regio's.
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Dit stemt niet overeen met de ogenschijnlUke uniformiteit op hadale en abyssale dieptes.
Deze vertonen immers een zeer treffende similariteit in nematodengemeenschappen beperkt
tot enkefe genera zoals Theistus, Acantholaimus, Halalaimus, Desmoscolex, Ticoma,
M ic rol ai m u s, S yri ngol aimus en Spiaero I ai m u s.
De meest voor de hand liggende verklaring voor het verschil in similariteit tussen bathyale
gemeenschappen wordt gezocht in het feit dat de omgevingsfactoren in die transitiezone (nl
de shelf break en de continentale helling) veel heterogener zijn dan in de diepzee sfncfo
sensu.
TT{EORIEEN
VERTICALE
DISTRIBUTIE
CONCLUSIE
Heel wat literatuur behandelt het thema van diversiteit in de diepzee. E6n
van de veel gehanteerde theorie€n is de 'stability{ime' hypothese van
Sanders (1968). Deze werd dan ook toegepast op de waarnemingen binnen
de nematodengemeenschappen in de Weddell Zee door ze te klasseren
tussen de biologisch en fysisch gecontroleerde hypothetische gemeenschappen.
Verder werd ook de theorie van Dayton & Hessler (1972) toegepast. Door het toevoegen van
de factor Verstoring' werd de positieve versus de destruc*ieve werting van ijsbergen
gesuggereerd. In een laatste fase van deze studie wed de invloed van 'verctoring' op
diverse variabelen in de mariene nematodenpopulaties van de subregio's nagegaan, en dit
aan de hand van 2g2lesten, sensu Lambshead & Hodda (1994).
Finale argumenten, voorfuloeiend uit de toepassing van de drie theorie€n, benadrukken dat
zowel de heersende lage temperaturen, het historisch verleden (glaciatie, isolatie en
ouderdom), alsook de hedendaagse productiviteit, in combinatie met stabiliteit, fysische
verstoring en ruimtelijke heterogeniteit aan de basis lagen van diversiteitspatronen in de
nematodengemeenschappen van de Weddell Zee. Biologische interacties weden in deze
studie niet expliciet in beschouwing genomen.
siUklei en kiezelfractie. De nematoden namen over het algemeen in lengte toe naarmate ze
dieper aangetroffen werden. Die toename gebeude tot op een diepte van 4-5 cm.
Vele nematodengenera koloniseerden bij voorkeur de oppervlakkige sedimentlagen, en
vanaf 2 d 3 cm diepte werd een selecte vezameling van enkele genera zoals Molgolaimus
en Sabatieria met hoge abundanties aangetroffen. Onder de dominante genera werden twee
types van gemeenschappen aangetroffen: (1) deze die meestal teruggevonden waren aan de
oppervfakte, nl Microlaimus, Monhystera en Leptolaimus, en (2) de nematoden die ook in de
diepere strata veel voorkwamen, Dichromadora, Acantholaimus, Molgolaimus en Sabatieria.De opsplitsing werd weerspiegeld in de voedingtypesamenstelling van deze
gemeenschappen, waarbij de epistatum-eters met een 3O-4Oo/o aangetroffen werden aan de
oppervlakte (0-2 cm), de selectieve deposit-eters voor ongeveer 50% terug te vinden waren
in de intermediaire lagen (2'4 cm) en tenslotte de niet-selectieve deposit-eters die hoogste
percentages (30-40 o/o) haalden in the diepste strata (4-10 cm).
Deredox potentiaal en voedsel distributie werden aangehaald als structurerende factoren. Er
werd echter ook gewezen op het feit dat het type ondezoek niet toelaat om definitieve
conclusies te vormen betreffende de rol van omgevingsfactoren in de distributie van de
meiofauna in de sedimentkolommen van de WeddellZee .
De studie van de verticale distributie in de sedimentkolom toonde aan de
bovenste sedimentlagen de hoogste percentages aan organismen bevatten.
Dit beantwoordde aan de gegevens gevonden in de diepzeeliteratuur. Er
werden echter ook hoge abundanties in de diepere lagen waaqenomen, dit
in functie van het type sediment en meer bepaald de samenstellende
Uit het meiofauna onderzoek in de Weddell Zee kan besloten worden
dat de totale densiteiten en biomassa's, de compositie en distibutie
van de hoger taxa, en van de nematoden, sterk vergelijkbaar zijn met
vele resultaten in andere diepzeegebieden. Toch kan de Antarctische meiofauna zichin sommige aspecten (hoge densiteit en diversiteit) onderscheiden van andere
gemeenschappen langsheen de continentale rand.
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Meiofauna in de seizoenaal variErende ondiepe sedimenten van Signy
Deze ecologische studie omvat de temporele variatie van de Antarctische meiofauna in de
periode van april 1991 tot en met november 1992, en de ruimtelijke variatie van deze
benthische groep in de sedimentprofielen tijdens de zomer van 1994. Beide
staalnamereeksen werden uitgevoerd op een ondiepe G10 m) sublittorale plaats in Signy
lsland (South Orkney lslands, 60'42' S, 45"36' W) en hebben tot doel na te gaan hoe de
interstitidle fauna zich gedraagt onder de extreme omgevingsfactoren kenmerkend voor een
polair milieu. De studie maakt deel uit van een globaal Brits ondezoeksproject dat
geconcentreed is op het volledige ecosysteem van Signy.
MILIEU
GEMEENSCHAPS
STRUCTUUR
Het pelagiaal van Signy wordt gekenmerkt door een zomerbloei van grote
diatomeedn en coloniale organismen met daarbij een minder intense, maar
langere bloei van nanoflagellaten. Deze laatste wint vooral tijdens de winter
aan belang ten opzichte van de microchlorofyl productie.
De opeenvolging van pelagische productie en de transmissie van detritus naar de bodem,
was duidelijk zichtbaar in de sedimenten. De timing van de signalen in de bodem verschilde
echter in functie van de aard van de pelagische productie (flagellaten versus diatomeedn).
De toevoer van vers organisch materiaal afkomstig van in situ en pelagische productie was
daardoor niet alleen substantieel maar eveneens van lange duur. Hierdoor was het benthos
slechts voor een heel korte periode tijdens de tweede helft van de winter trofisch gelimiteerd.
De hypothese dat populaties in een dergelijk seizoenaal vari6rend ecosysteem fluctueren als
antwoord op de toevoer van voedsel, wordt ook hier getest voor de meiofauna. A priori werd
venracht dat de meiofauna
*uitgesproken distributie karakteristieken zou vertonen in periodes van grote voedselinput
*een fundamentele temporele fluctuatie zou vertonen doorheen het polaire jaar.
Er werden extreem hoge meiofauna densiteiten gerapporteerd met jaarlijksq
gemiddeldes tussen 5 en 7.5 * 10o ind. m-'en piekwaarden tot bijna 20*10o
ind. m-'en 14 g dwt m-'. De meiofaunagemeenschappen, gekarakteriseerd
door een laag aantal hogere taxa, werden gedomineerd door de nematoden
(met abundanties tot 90 o/o). De genus diversiteit, bepaald door iets minder
dan 15000 nematoden identificaties, was eveneens laag en gedomineerd door Daptonema,
Aponema, Neochromadora, Sabatieria, Microlaimus en Chromadorita, samen een slordige
97o/o van de totale nematodenpopulatie. De dominantiestructuur bleef nagenoeg onveranderd
doorheen de volledige studieperiode. Het aantal genera varieerde tussen 9 en 14, de
dominantie diversiteit (bepaald door de inverse fractie van het meest dominant genus)
tussen 1 en 4.
Epistratum-eters en niet-selectieve deposit-eters waren het meest aanwezig.
Hoogstwaarschijnlijk voedden deze organismen zich met diatomeedn, bacterien en organisch
materiaal. De gehanteerde classificatie voor het bepalen van de trofische structuur van de
nematodengemeenschappen sensu Wieser (1953) werd echter bekritiseerd. Hierbij ging de
aandacht vooral uit naar de toekenning van Aponema als selectieve deposit-eter versus
epistratum-eter en van Daptonerna als een niet-seleclieve deposit-eter versus epistraat-
grazer.
Tijdens de zomer was de verticale distributie van de meiofauna zeer sterk geconcentreerd in
de bovenste 3 centimeter van de sedimentkolom. De belangrijkste oozaak hiervan situeerde
zich wellicht in de hoge input van organisch materiaal tijdens dit seizoen. Hierdoor ontstond
een voedselrijke oppervlakkige detrituslaag (met pigment concentraties tot 1300 mg Ghl-a m-
') met daaronder een zeer gereduceerde compacte sedimentkolom (met uitgesproken zwavel
karakter). Deze chemisch bepaalde stratificatie van voedsel uitte zich in een zeer
oppervlakkige dieptepenetratie van de bodembewonende fauna.
Samanvaftinn 'Vl
Uit een vergelijking met literatuurgegevens kon besloten wolden dat de karakteristieken van
de meiofauna in Signy sterk overeenkwamenmet wat is gevonden in fijne sedimenten in het
algemeen. De typische structurele eigenschappen, zoals hoge densiteit gepaard gaande met
lage diversiteit, worden teruggevonden in biotopen die gekenmerkt worden door een ver
gevorderde vorm van eutrofidring (cf model van Pearson & Rosenberg).
SEZOENALITEIT
INDENSITEITEN
ENBIOMASSA'S
SEIZOENALITEIT
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De meiobenthosgemeenschappen vertoonden eveneens doorgedreven
temporele schommelingen. H ierbij altemeerden tijdstippen van kortstondige
densiteitspieken met periodes van minder dense concentraties. De
combinatie van directe en uitgestelde relaties tussen de meiofauna
variabelen en hun omgeving waren een bewijs voor de sterke koppeling met het seizoenaal
vari€rende pelagische en benthische milieu.
De waargenomen responsmechanismen konden als volgt samengevat worden:
- uitgesproken densiteits- en biomassapieken enkele weken na de maximale
diatomeednproductie in de waterkolom
- lagere, maar nog steeds sterk fluctuerende biomassa's en densiteiten als direct of
uitgesteld antwoord op de kwalitatief lagere nanoplankton input
-sterk gereduceerde densiteiten en biomassa's op het moment van laagste
voedselbeschikbaarheid tijdens het midden van de winter.
Twee opmerkelijke observaties trokken echter de aandacht: (1) hoewel een sterke reductie in
densiteiten en biomassa's tijdens de winter was waargenomen, waren de uiteindelijke
waarden nog steeds vergelijkaar met de doorsnee densiteiten van meiofauna in vele andere
sublittorale geografische gemeenschappen en (2) hoewel de Antarctische winter
verondersteld wordt van een lange, donkere, onproductieve periode te zijn, was de
meiobentische 'productie'slechts beperkt tot een korte periode van ongeveer twee maanden
tijdens de tweede helft van deze zogenaamde Antarctische winter.
De afirijkende karakteristieken van het pelagiaal tijdens de huidige staalnameperiode (en in
het bijzonder tijdens de Antarctische zomers van 1990/91 en 1991/92) lagen wellicht aan de
basis van de geobserveerde fenomenen. Door de in de tijd langgerekte productie van
fytoplankton (in tegenstelling tot de beperking van de bloei tot een korte periode van een
aantal weken tijdens de zomer) ontstond er immers een bijna continue toevoer van vers
organisch materiaal over een quasi volledig jaar. Bovendien was het beschikbaar voedsel
voor de meiofauna afkomstig van zowel fytopankton, ijsalgen, in sfu benthische
flflogemeenschappen en populaties van bacterien. Er kan verondersteld worden dat
dergelijke grote diverciteit aan voedselbronnen belangrijk waren voor het induceren van
variabiliteit in de meiofaunagemeenschappen.
De harpacticide copepoden en turbellarien waren het meest gevoelig voor
schommelingen in het pelagische milieu. Hoewel de nematoden niet strict
afhankelijk waren van de toevoer van vers organisch materiaal, vertoonden
ook zij een zekere respons ten opzichte van het temporeel fluctuerende
milieu. Toch was deze niet zo sterk uitgesproken (opnieuw omwille van de
vari€teit en continuileit aan voedselbestanddelen over de volledige jaarcyclus).
Gezien de alomtegenwoordigheid van de diverse levensstadia van
nemaloden, wed gesuggereerd dat de productie van nemaloden continu
doorging. Het percentage aan juvenielen schommelde daarbij tussen 14 en
59 o/o. Desondanks werd er toch een zekere ritmiek waargenomen, waarbij
de graviede vrouwtjes en juvenielen tijdens voedsel-armere periodes het
sterkst vertegenwoordigd waren. Er werd verondercteld dat dergelijke toename in reproductie
voorafgaand aan de periode van grote voedselinput een optimale levensstrategie zou zi[n
aangepast aan periodes van lage voedselbevoorrading. In voedselrijke periodes wordt
daarentegen bijvoorbeeld meer energie gestoken in andere activiteiten zoals lichaamsgroei
en opstapeling van reservemateriaal.
Samenvattino : Vll
De dominante genera reproduceerden echter soms zeer ongelijktijdig. Dit werd aangetoond
voor Sabatieria, Aponema, Neochromadora, Daptonema, Microlaimus en Chromadorita.
Aan de hand van gepubliceerde waarden over jaarlijkse P:B ratio's in
nematodengemeenschappen van gematigde streken werd een productie tussen 2 en 38 gC
m-' y-' berekend. Aldus werd vastgesteld dat de jaarlijkse productie van de Antarctische
meiofauna hun gematigde tegenhangers (zoals in de Noodzee) ruim overtreft.
Ondanks de vele aanwijzingen over een nauwe verband tussen de meiofauna en het
seizoenaal vari€rende biotoop, en de talrijke correlaties met sediment trap en waterkolom
variabelen, zfn er maar een beperkt aantal correlaties gevonden met het voedsel in de
sedimenten zelf. Blijkbaar is het niet zozeer de hoeveelheid maar wel de kwaliteit van het
voedsel dat telt voor de bepaling van de distributiepatronen in meiofaunagemeenschappen.
Dergelijke benadering vergt echter een ander type van analyses.
CONCLUSIE Een algemene conclusie uit deze studie in de ondiepe sublittorale
sedimenten van Signy was dat de distributie van de meiofauna zeer
sterk beihvloed werd door het temporele karakter van de pelagische en benthisch
ecosysteem compartimenten. De dominantie van een beperkt aantal nematodengenera
was stabiel doorheen de sfudie. Bovendien waren de meeste organismen tijdens de
zomer sterk gelimiteerd tot de bovenste sedimentlagen. Deze beide waarnemingen
bewijzen de sterke impact van het eutrofe (en bijgegevolg het reductieve) karakter van
het omringende benthische milieu. De bewering van Clarke (1988) dat alle
compartimenten van het Antarctische (mariene) voedselweb sterk onderhevig zijn aan
de seizoenaliteit van de primaire productie, werd ook door deze studie bevestigd.
lntrocftrction I
INTRODUCTION to the physical and geological environment of Antarctica
All topics described below were completely adapted from two syntheses of the cunent state
of knowledge on Antarctica and the surrounding Southem Ocean :
and
Stonehouse, B. (1989)
Polar Ecology
Tertiary Level Biology, Chapman & Hall, New York
Knox, G.A. (1994)
The Biology of the Southem Ocean.
Studies in Polar Research, Cambridge University Press.
Antarctica, for most people a grim, white area at the end of the earth, far from every
day life, is the area of the far south that is characterized by distinctively polar conditions of
climate, plant and animal life, and other physical features. In contrast to the Arctic, which is
centred on an ocean basin, Antarctica includes an ice-covered continent (East Antarctica or
Greater Antarctica), the Antarctic Peninsula (West Antarcticf or Lesser Antarctica), off-lying
islands and a sunounding ocean (Southem Ocean: 37.5 10'km). Despite its laqe size (14
million km2, 10 % of continental surface on the globe) and its large mean surface elevation
(over 2000 m without ice-cap, twice higher than Asia), it is poorly presented on world maps,
usually with distorted shapes, directions and areas.
While the Southem Ocean can be considered as one big system, in reality it is a series
of interconnected ecosystems (sea ice, ice shelves, icebergs, water column, benthos, littoral,
sublittoral, deepsea, etc.). Descriptions of this ocean have been given by several workers
over the years, and more recent overviews contribute to a comprehensive outline of a variety
of physico-chemical and biological sources in this region. Citing Knox (1995), amongst the
characteristics of the Southern Ocean are:
1. lt is the largest marine ecosystem on the globe
2. lt is semi-enclosed regarding the occunence of the nofthem boundary water mass,
the Antarctic Convergence
3. /t is an old sysfem with a long evolutionary history, established at least 20 million
years aslo
4. The principal variation is that of the productivity which is greater in certain regions
than in others
5. The quantitative and qualitative features of the basic processes of the Southem
Ocean sysfem are obviously different from those of other oceanic sysferns, as
demonstrated by the distribution of the dominant herbivore and key species of the
sysfern, Euphausia su perba.
ln further only those characteristics, in some way or another, important for understanding the
environment of the study sites in this PhD, will be considered.
Climate and seasonalitv. The Southern Ocean is a cold ocean. Across the Antarctic
convergence zone the temperature range in the summer is from 4 to 8"C, and in the winter
from 1 to 3'C. Surface water immediately south of the Convergence has an average
temperature of about 1 to 2"C in the winter and 3 to 5'C in the summer, while further south
ndar the continent temperatures range from -1.0 to -1.9 "C. The annual range troughout does
not exceed 4-5'C.
The polar environment has, however, not always been cold. The fossil record of Antarctica
testifies to a long pre-glacial history of warm or temperate climates (e.9. early Tertiary
temperatures were about 15'C) and cooling occurred through a series of slow and
discontinuous glaciation periods during the past 60 million years. The polar flora and fauna,
thus, had a long time to develop under gradually lowering temperatures.
Natural selection has 
-never 
been simply a seleciion of cold-hardy species for increasingly
cold environments. Many other factors not directly related to cold have been involved.Adaptations to thrive in seasonal environments, in wtrich day-length, temperaturei, water ancfood availability and other important factors fluctuate widely tlhroughout an annuJ cycte,
might have been at least as crilical as adaptations to coto. Rnn6ugh there 
"r ino""oseasons of scaricity, altemating with periods of extraordinary abundance, there is also great
amount of year-to-year variability.
lce cover. One of the salient characteristics of 
-the Southem Ocean is the dramaticchangewhich occurin sea ice cover, from about2O*106 km2 in latewinterto about4-1O,ji;;in late summer. Figure ll illustrates the growth and decay of the sea ice in the SouthemOcean. The months of minimum extent are February and March while those ol maximum
9{ent 3ra SaPtgmber and october. This pack ice (drifting ice floes) zone of annuat sea ice is1-2 m in thickness. lts distribltion is highly variable as the ice cover is frequenly Uroten-upby storms and the resulting floes drift considerable distances driven by su#ace cunents 
"nowind.
September
Figure 11 : The distibution of the pack ice in winter (September) and summer (March). Copy from Knox (1994)
lntroduction' III
Large areas of open water -polynas- may occur and persist throughout the winter, when
offshore katabatic winds (downflowing air cooled by radiation) are sufficiently strong and
persistent. The best known polyna is a large ice-free region in the Weddell Sea (in the area
of the Maud Rise).
The melting of the sea ice during the summer results in the introduction of a large amount of
low-salinity melt water into the surface layer of the seasonal sea ice region. This has a
profound effect on the trophic dynamics of the region as the presence of the meltwater is a
key fac{or leading to phytoplankton blooms in the marginal ice zone. Furthermore, high
concentrations of sea ice microalgae grow in association with the pack ice.
Not only sea ice, but also ice shelves and icebergs distinguish the Southem Ocean from any
other ocean on the globe. The ice sheet convering the Antarctic continent extrude into the
sea hence leading to the fomation of the Filchner and Ronne lce Shelves in the Weddell Sea
and Ross lce Shelf in the Ross Sea. Continually moving seaward at about 1 m a day, these
ice shelves eventually crack and calve icebergs.
Glacial and ecolooical historv. Antarctica was formerly linked to South America and
Australia in the Gondwana supercontinent, and no doubt shared a Tertiary flora and fauna
with them. Since its separation by the formation of the circum-Antarctic cunent some 23.5
million years ago the continent and the nearby islands have been isolated from the rest of the
world. Both climate and history are at the base of the presentday fauna and flora.
Oceanooraohv and bathvmetry. The Southem Ocean is connected trough deep ocean
basins with the lndian, Pacific and Atlantic Oceans. Bounded only partlally by a series ridges
and rises (for example the Scotia Ridge between South America and Antarctica) deep
Antarctic Bottom Water tend to flow freely to the north, hence fuelling world's oceans.
Circulation pattems of Antarctic water masses are:
1. Antarctic Circumpolar Cunent (ACC or West Wind Drift): being the only zonal current
encircling the globe, and almost unobstructed by land masses, it joins the great cunent gyres
of the South Atlantic. South lndian and South Pacific Oceans.
2. Antarctic Coastal Current (East Wind Drift): following the coastline this surface cunent
appears south of about 65"3 with two important indentations in the Ross and Weddell Sea.
3. Circumpolar frontal zones (Figure l2): dividing the Southem Ocean into two distinct
regions (subAntarctic to the north and Antarctic to the south) the most significant frontal
zone is the Antarctic Convergence (Polar Front, 45-60'5). lt is a zone of variable width
characterized by steep gradients in sea-surface temperature, abrupt changes in
phytoplankton abundance, zooplankton distribution, pelagic bird species, wheather
conditions, and sometimes by a salinity maximum at the surface. Other fronts are, the Sub
Antarctic Front to the north and the Antarctic Divergence to the south of the Convergence. In
the region of the divergence (at about 60-55 "S) deep water ugrvells to reach the surface.
The entire study of the PhD was performed south of the Convergence.
The continental shelf that sunounds Antarctica differs from that sunounding other continents
in that it is unusually deep, with the 'shelf-break' (the transition between the continental shelf
and the continental slope) lying two to four times deeper than in other oceanic regions. This
is partly due to the isostatic equilibrium adjustment of the continent to the large mass of the
Antarctic ice sheets. Only about 2o/o of the continent is exposed, the rest lying under an ice
mantle of mean thickness 1880 m.
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lntroduction to the Wecldel Sea environmani I
INTRODUCTION:
The Weddell Sea environment.
The following descriptions on the Weddell Sea topography, sediments and hydrography,
together with the prevailing ice conditions, primary production and sedimentation are adapted
from
Carmack & Foster 119771, Foster & Carmack (19771,
Hellmer & Bersch (19E5), Grobe (1986), Eicken et aL (19E7), Fischer et aL (1988),
Ndthig (1988), von Bodungen ef aL (1988), Rohardt etal. (1990), Wefer etal, (1990),
Bathmann et at (1991), Weber (1992), Fahrbach et aL (1992).
Bottom topoqraohv. The Weddell Sea belongs to the Atlantic sector of the Southern
Ocean. lt is bounded to the south by the Antarctic continent, to the west by the Antarctic
Peninsula (ca. 60"W) and to the north by the Scotia Ridge (60"5). Using the limit of the
South Sandwich lslands (26'W) !o Kapp Norvegia (12'W) as the eastem boundary, the
Weddell Sea covers about 2.3 10o km2, which is approximately equal to the Meditenanean
Sea. With a mean depth of about 4400 m the volume of the Weddell Sea amounting to 7.6
1Oo km3 represents about 0.5 o/o of the water volume of the World Ocean.
The continental shelf region occupies onequarter of the area but forms only 4olo of the
volume of the Weddell Sea. Due to the weight of the ice-cap on the continent and isostatic
movements the continental shelf is very deep. The 600 m-isobath is generally defined as the
shelf edge, but changes occur depending on locality. The shelf is very narow from about 90
kilometers in the east to 10 kilometem in the northeast. Traces of icebergs are frequently
found being often several hundred meters in width and with depths amounting to 30 meter.
The continental slope east of 25'W is relatively steep (9-12").
Hydrooraohy (Figure d.l.). The westwad moving Antarctic Coastal Cunent enters the
Weddell Sea as a relative intense (up to 20-40 cm s-t1 flow following the contours of the
continental margin. The catabatic coastal winds cause an upwelling of lce Shelf Water. The
colder and less saline eastem ice-shelf water generally does do not mix with the more saline
Warm Deep Water, but upwelling phenomena occur in specific regions (f.e. at Kapp
Norvegia). On the eastem and southem shelf strong bottom cunents prevail.
lce cover. The extent of the Antarctic pack ice shows a high seasonal (and annual)
variation. Consequently most of the ice is renewed and 1-1.5 m thick. Maximum levels are
reached in September (northernmost position at the South Sandwich lslands: 56"5). In late
September the ice retreat begins and is accelerated in November. Whilst a large pert of the
Weddell Sea, mainly in the west and south, is permanently covered with sea ice (perennial
ice of 3 m in thickness), the southeastem and easlem parts are ofien icefree during spring
and summer. Due to the occunence of semi-permanent polynas (open water masses in the
pack ice) these regions are also partly icefree in November in the southeast and in winter in
the northeast Weddell Sea.
These polynas are, however, very variable in size and location, depending on day-to-day
wheather conditions. Exact information on seasonal phenomena of the pack ice is scarce,
and therefore the above description serves as a general aspect in the Weddell Sea.
\leioftuna in the shelflslope sedinrenls of the Weddel Sea ?
Figure 1.1.: Schematic diagram of water masses and llow duing summer in the Adantic sector of the Southem ocean,
Copy from Knox (1994).
Primarv production and sedimentation. Despite the large amount of data that has
been collected for decades, geographical and temporal coverage of phytoplankton, itsproduclion, and subsequent deposition, is sparse. Dictated by wheathei conditions and
remoteness, an incomplete picture of short{erm and local data is available. ln addition,
methods and techniques differ considerable (f.e. gross production vs net and regenerated
production; estimates based on real activity vs adapted from chlorophyll concentiations or
sediment trap data, seasonal vs annual rates etc..), giving very extreme ranges of primary
production:
Author
Holm-Hansen et a|.1977
Ndthig, 1988
Schnack-Schiel 1987
von Bodungen efal. 1988
Bathmann ef a/. 1991
uction
1670 mg C m-'d''
268-489 mg 9 m-'y-'
0.4 ng C h-' l-' chl a
1OO-1000 mg I nl 'd-'
2342 mg C m-'d-'
Sedimentation in the Weddell Sea occurs by melting processes in the vicinity
of the ice shelves and by currents. Fluxes from icebergs are of minimal importance, and only
a small detritus fraction is sedimented this way in the eastern Weddell Sea. In addition. thi
importance of ice rafting decreases with the increasing distance form the shelf. ln Vestkapp(northeastern Weddell Sea) 60-90% of organic content in sediment traps is from protozoan? faecal pellets and only 0.5% is of planktonic origin (mainly chl-a from diatoms).
Author vertical flux
Bathmann ef a/. 1991 3-110 mg q m-2 d'
Wefer et at.1990 0.1 q C m-2 v-t
Sediment. The sediments of the shelf and slope are mainly originating from the ice-
sheets (glacial marine sediments) with originally a broad size spectrum of the particles, with
good sorting. ln a latter stage of sedimentation sorting becomes gradually worse and the finer
fraction remains. At Kapp Norvegia, for example, sediments become very badly sorted,
mainly as a consequence of iceberg prevalence. Furthermore, biogenic componenti (debris,
spicufes) originating from sponges and bryozoans/hydrozoans accumulate to about 'l,lo/o of
the sediment on the central part of the shelf.
By the NE-SW direction of the bottom currents, a SW directed transport of sediment occurs.
The study undertaken in the Weddell Sea is situated off Halley Bay (74-75"5, 25-29.W) and
Kapp Norvegia (71-72'S, 12-13'W (Figure i,.2). More details concerning the environment
and meiofauna sampling are given in chapter 1,2 and 3.
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CHAPTER 1.
Deep-sea meiofauna communities in Antarctica :
structural analysis and relation with the environment
1.1. Introduction.
The ecology of deepsea meiofauna has been extensively studied since the first
quantitative investigation by Wigley & Mclntyre (1964). Most of these studies, however, have focused
on the Atlantic, Pacific and Indian Oceans (Vincx ef a/. 1994). So far only 2 meiofauna studies have
investigated sediments from deep polar seas: one in northem boreal waters (Pfannkuche & Thiel
19E7) and one in the Weddell Sea, Antarctic (Herman & Dahms 1992).
Compared to other oceanic regions, the pelagic of the Southem Ocean (e.9. south of 50'S) has a
very short, but extremely intense, summer phytoplankton bloom, often associated with the melting of
sea ice. As benthic communities depend heavily on the supply of resources from the water column,
the seasonality, intensity and spatial heterogeneity of depositing matter will certainly affect the size
and struc{ure of its components. The intense pulse in primary production results in strong
sedimentation of organic matter to the sea bed (Knox 1994).
From macrobenthic studies it appears that Antarctic shelf and slope sediments support high
biomasses and large numbers of individuals, characterized by a relative scarceness of infaunal
worms. Towads the deep sea (below 1000 m) Antarctic and non-Antarctic biomass levels do not
seem to differ greatly (Arntz et al. 1994).
Studies on cycling of organic matter in deepsea sediments of the north-east Atlantic suggest
degradation rates of 0.3 to 2.9o/o d-' (Lochte 1992). Remineralization processes in the sediment
mainly involve bacteria (Poremba 1994), but meiofauna also play an important r6le (Findlay &
Tenore 1982, Ingham et aL.1985, Alkemade ef a|.1992, Giere 1993).
The obiectives of this studv are (1) to asses the composition and population densities of the
meiofauna off Kapp Norvegia, in the Weddell Sea (71-72"5,12-13'W) and describe their distribution
across the continental margin; (2) to compare the results with a previous study on meiofauna
composition in a similar transect in the Weddell Sea to the south and west of the present study
(Herman & Dahms 1992, Halley Bay); and (3) to relate the benthic structures to events occuning in
the overlying water column by comparison with other deepsea areas in the world.
This study serves as background for a more detailed investigation on the meiofauna in the Antarctic
environment. ln the future, research emphasis will be on the ecological r6le of the most abundant
taxon. the nematodes.
Denth variatinn wilhin maiafar rna nnmmr rnilim. A
1.2. Material and Methods.
1.2.1. Study area and treatnent of meiofauna samples (Figure 1.1., Table 1.1.).
Samples were collecied off Kapp Norvegia Weddell Sea, 71-72"5,12-13"W) during
the third leg of the European Polarstem Study (EPOS) carried out by the RV'Polarstern' between 13
January and 10 March 1989. General descriptions of the biological, chemical and physical
characteristics of the Weddell Sea during the present investigation are given by Amtz ef a/. (1g90).
Characteristic features of sedimentation, hydrography and topography off Kapp Norvegia are
described in Grobe (1986) and Hempel (1993). The investigated bathymetric range was between 211
and 2080 m. lce had started to retreat during the sampling period. The sediments are of glacial
marine and biogenic origin (Hough 1956), and mainly consist of fine sands.
SHELF-ICE CONTINET{TA COASTLINE < cLAclER
Ftgure 1.1. : Map showingthe study arca in the Weddell Sea, with station locations
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Samples were taken with a multicorer with a hydraulic system (MUC; each core 25 cm2: Barnett ef a/.
1984). A multiboxcorer (MG; each core 240 cm2i Gerdes 1990) was used where sampling with the
more fragile multicorer was impossible, because of bad weather conditions and high sediment gravel
content. The sampling device and original station numbers are included in Table 1.1. In both cases
meiofauna was subsampled using 10 cm2 plastic cores and material was held on a 38 pm mesh
sieve. For 6 stations at least 2 cores were analyzed for both bathymetric distribution (SD is spatial
distribution, bulk sediment) and vertical distribution (VD) within the sediment. The detailed
descriptions of the VD replicates will be presented in chapter 3.
Density data presented are concemed with metazoan meiofauna. A description of the species
composition of the foraminifers is given by Mateu (1992).
Approximately 200 nematodes were collected from each SD core, while 100 nematodes were used
from each sediment interval for the VD analysis. After mounting the nematodes in glycerine slides
(Seinhorst 1959), the length and maximum width of each individual were measured. Assuming a
specific gravity of 1.13 and a dry/wet weight ratio of 0.25, the biomass of nematodes was calculated
using the adjusted method of Andrassy (Soetaert 1989).
Parametric (ANOVA, covariance analysis) was performed on respectively square and fourth root
transformed data of total biomass and density. Nonparametric analysis (Kruskal-Wallis; Siegel 1956)
were used on the data for individual nematode length and nematode biomass, where the
assumptions for parametric analysis were not met.
1.2.2. Comparison with Halley Bay.
Herman & Dahms (1992) described the structure of the meiofauna along a similar
depth transect in the Weddell Sea at Halley Bay. Their results were compared with the cunent data in
classification techniques (Iwo-Way lNdicator SPecies ANalysis, TWINSPAN, Hill 1979; Group
Average Sorting cluster analysis, GAS, with the Bray Curtis similarities, Bray & Curtis 1957) using
taxon composition. The stations off Kapp Norvegia are denoted with Kl to K6, the stations off Halley
Bay with H1 to H12. The density data were reduced using a 4o/o- rule (e.9. taxa consisting of less than
4o/o of the total density after elimination of the nematodes were excluded), and were fourth root
transformed prior to this analysis (Jongman et al. 1987). The relation with environmental impact was
tested using the nonparametric Spearman rank conelation analysis. Environmental data (sediment
properties and microbiota) were obtained simultaneously with similar sampling devices (Iable 1.1.).
For details on methods consull Amtz et a/. (1990). Sediment grain size was calculated using the
Wenthworth classification (Krumbein & Peftijohn 1938).
Table 1.1. : Environmental characteistics at the study sites in the Weddet Sea. Values are integrated over the top 5 cm, except
when stated. Oiginal station numberc and sampting goar employed (MG: multiboxcorec MIJC: muftjcorer) are added.
fiF
$$
8E $F
EEoo
.;q
66
Q{
$$
$fi
$g(oo6l c\lrov
(od)(\lNlDt
$$
H$
-
Norx$ rlt$ toHi;Eii lli ;i eE
-6lra(\ c..lt o) 6lf)ERUg on.i n.l F=
<ooloa oN o e|RFR-: cj; o
t$RR Eft : s\
o9o: 9q F- 8REEon oN c'i
Nfr:fi :r $ sP
Q\xu) qq o F;U=ci: oto ..i
nQo\ $stSnEn ;; 6RB hs
X\to': c{FEtEs E; 3 3p
Rcql aq t"rBo-5 cjai :j S;
(r)O-
ocid
qqR
ooo)
qqaOOr*
c!qo)OOI'-
t4 : <t?oo(o
A.: Qoo(o
a?qq
oo(o
-QQO()f-
c'l O f'-
cici(o
c!qq
oo(o
NObJ=
mq F-o,ottoorog= oooro5S-
(r)()@f o{OGlO-@crl
:= vci-S$dE
o9= \.:-\e!olS
u> c.rN@ErfoE
o;l |o@-o|oo|o6> c.iF.i@oi-ai(_) 
-F(o (r)E= gaee-olnlO< 6leG)-NeF-
-Frs (')()9Xl or:\---:c?V> 69ogoog
ng $o@oor*c\V> rir..oiri-aicrNtOeFoO5 
-Oo@f-(oNE> $cic,iS$d6
Rg Re:FBxfr
H= sssEktfr
f;3 *s;8ftsfi
c
@
g
t3E
$fl
frg
33 r rp
Q|n oo(.) |I) oE
;r i g:*i$ s ePg
E
8E
!o
3tto
E
9s
=a
g=$
a!=i^ e.E
o tr <cltJ - Frr3 E EF: oE.sTq E gES6t ; 
=P-8Z .rH= t
=FFozi>ululEo@uJ
(r)o('c\Pr-civ(o
q|o@O
Xdci NN
:o)(o@X<ociciMF v
.i
C'
3
Fz
UJFz
oo
Fz
UJ
=I'rvc.ro I9000 a@ o-zz Fz
LIJ
=oltt
v,
c\too
ci ci oi
!Q:oo@
l--(')dcioi
rQ .: c9
oo@
=slL
Fz
uJhtI'J 6tr()
=Z lu
=trz.-^ Fd>Ks ad:s -zEvz rr3tr5 E2
il
=
=urotUJO
.n o-
nOF= \qqqa?qaKz ,o-.Et9p
o)()
o)f 
^f-6lC{N@tf
=> 6pgER:rEg arcecectncttf)< (f,99E*^b
L-O 
-rf)rfrOlo@$E> +$o;gtr;o6
Rg Q-:9Qacl\ve $@(osN|og
-c,N>
I
u
ut9-
=doo{: 8X 
=-a:H a
=H I5.8 i$; sFE= 
=Fd 
=
o.= ouJ< uJo.D .t
gR
gN
qNEN
t
(!
sb
H€
=&
=ezzPoo=
kkEbb&
.g
Eto
oz
et!x
(o
N
(O-F-
ct ci (o
tD-lO
OCi rt
iR
EN
=frgR
+e
=R
ER
fF
ER
*R
ER
-@?Ot
ER
Eil
s$
oo
E
ee
c
.o
G1tg
E=Eit
1rF
fiE;E
:>9
o_-9.=
-9.95E
v()
986b
9e'=g
FE
vOc0,9oE('
.s, Eo-E
e€So
-eE
E8ol
Deeo-sea meiofauna communities in Antarciic:'slnmftrral anrlKis:nd ralalinn wiih fha anviranmcnt. Q
1.3. Results
For raw data see
appendix 2 : Depth variation within meiofauna communities: meiofauna taxon data
appendix 7 : Nematode size measurements, Weddell Sea: dimensions of nematode length and width
1.3.1. Sample replication,
The contrast analysis (ANOVA) showed that there was no significant difference
between a VD and an SD treatment (SD is bulk sediment; VD is the sum of subsequent sediment
slices) of the sediment core. The exception was due to the occurence of a small-scale spatial
heterogeneity within a treatment, probably reflec'ting patchiness. Consequently VD and SD samples
could be assigned as replicates (the data of the VD treatments are presented in Chapter 3).
1.3.2. Distribution and composition of the meiofauna otr Kppp Norvegia.
Total meiofauna densities ranged from 815 *.321.7 ind.10 cm-' at 1199 m depth (K5)
to 5122 t 3254.0 ind.10 cm-'at 278 m depth (K3). Total biomass varied from 126 *,47.2 Ug dwt 10
cm-2 1K4, 561 m) to 966 r 698.6 (K3, 537 m) ug dwt cm-2. The 2 variables were significanity related
to each other (dwt:abundance, p< .05). Covariance analysis showed 2 distinct groups of stations(Iukey, p< .001). Stns K1 , t<2 & K3 (Group l) had the highest densities and total biomass, while a
noticeable lower stock was found in stations K4, K5 & KG (Group ll)(Figure 1.2.).
6000
1,400
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1,000
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station
Flgure 1.2. : Mean meiobenthos densdes (no 10 cm-2 t SE ) and mean tota! biomass (pS atwt 10 cm-2 t SE) at the 6 sfafons.
There was no clear relationship with bathymetric depth, but 2 separate geographical groups were
present: Group I was close to the ice-shelf, while Group ll was more off-shore. Mean total biomass
was 2oo/o higher in Group I than in Group ll.
Nematodes were most abundant, and accounted for 83 to 97olo of the total. They were followed by
nauplii and Harpacticoidea, Polychaeta and Kinorhyncha (Figure 1.3.). The other taxa (19 in total)
comprised together less than 4 o/o oi the total (Iable 1 .2.). From this table it is clear the diversity (e.9.
number of taxa) did not differ between Groups I and ll along the transect.
Harpacticoid copepod and polychaete density exhibited a significant negative correlation with depth
(p< .01), whereas the nematodes and the kinorhynchs did not (Figure 1.3.). The distinction between
the ice-shelf and open-water stations can partly be inferred from the taxon composition (Figure 1.3.,
Table 1.2.).
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Table 1.2 Retetive abundance of nematodes, and mean metazoan npiofaunal abundance of fDe /ess abundant taxa 1no 10 cm-2).
KINORHYNCHS
r+
-T- 
|
--f-
0.1 0.11.0 8.2 7.5 3.5 2.0 0I9.8 5.01.0 0.8 0.8 r.8
1.7
0.3 1.8 0.20.3 0.6 0.2
1.00.5 0.8 0.85.0 1.3 1.1 0.68.25 7.8 0.8 1.7
0.5
6.00.3 0.31.6 0.5
1.5 0.113 10
0.8
1.0
0.3
0.3
1.0
0.3
2.0
0.3
0.8
7.2
13.8
0.2
0.5
3.2
0.2
0.2
3.3
othertaxa (96)
ArFhlpoda
Blvalvla
Bryozoa
Coelenteretr
Cumacea
Echlnodemat.
Gartrctrlcha
Hahcaroldea
lcopoda
Lorlclfera()|lgochaeta
Ortracoda
Podfera
Prlapullda
Rotliera
Tanaldacea
Tardlgrada
Tunlcda
Turbellarla
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1.3.3. Size structure of nematodes.
In order to test the hypothesis of Thiel (1975) (i.e. meiofauna become smaller in size
with increasing water depth), nematode sizes were studied along the transect.
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Figure 1.4. : Length frequency distibutions of the nematodes af Stns Kl & K6 off Kapp Norvega (mean length in mm t SE, n = 3
and 5,). Stns Kl & KO are representative of the other stations in the study.
The length-frequency distributions of the nematodes in the 6 stations showed similar shapes. The end
stations of the transect can be considered as representatives for the whole depth transect (Figure
1.4.). Skewed pattems were obtained with the smaller animals (0.4 to 0.6 mm) being more highly
represented. Only 27 o/o of the nematodes were longer than 1 mm, and only 4 and 0.9 % reached
lengths over 2 and 3 mm respectively. Mean nematode lengths varied from 743 pm at K4 to 986 pm
at Kl (overall mean: 892 pm t 579; geometric mean: 754 Um; harmonic mean: 646 pm). The high
standard deviation indicates a high variation between the replicates. Mean individual nematode
lengths were significantly different between the stations (Kruskal-Wallis, p< .001), but were not
related to bathymetric depth. This is consistent with the overall similarity in age structure of the
nematodes throughout the transect (53 to 67 % of the organisms were juveniles).
Dedtr rariatitrn witrln rrebiauna communitha: 12
The smallest mean individuel nemetode biomass per slation of 0.140 pg dvvt at KO shifted to 0.352
pg dwt at Kl (ovefrell mean: 0.233 pg dwt; geometric mean: 0.07 pg dwt; harmonic mean: 0.03 pg
dwt; Figure 1.5.). Mean irdivldual nemetode Homass was sbnificantly differ€nt between the s{ations
(Kruskal-Wallis, p< .001) and negatively conelated with waterdepth (p< .01).
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1.4. Discussion.
1.4.1. Halley Bay (74-75'S ; 25-29'W) - Kapp Norvegia (71-72.5 ; 12-13.W1.
Meiofauna. Table 1.3. represents a comparison between the 2 regions in the Weddell
Sea studied to date. The nematode community in Kapp Norvegia does not markedly differ from
Halley Bay (Herman & Dahms 1992). Only slightly higher density and biomass readings were noted
in the former area. Similar conclusions can be drawn from the TWINSPAN analysis (Figure 1.6.),
where no clear distinction was found between the 2 transects. Clusters were primarily made on the
basis of bathymetric location and/or distance to the ice-shelf, which was also relevant from the
correlation analysis, and was also from observations by Herman & Dahms (1992). A strong
resemblance was found between the following areas: the shelf stations of Halley Bay (Hl, H2, H3,
H4, H5; mean depth: 438m; indicator species: polychaetes); the deeper slopes of both transects (K5,
K6, H9, H10, H11; mean depth: 1445m); the shelf stations off Kapp Norvegia (K2, K3, K4; mean
depth:501m; indicatorspecies: turbellariens and priapulids); and the upperslope of Halley Bay (H6,
H7, H8, H12and exception K1; mean depth: 577m; indicatorspecies: halacarids). Comparable sub-
division were obtained in the GAS analysis (not depicted), with the exception that all the shelf
stations were clustered in a single group, and distinctly separated from the deeper localities (upper
and deeper slope).
fable 1.3. : Compaison of the main vaiabtes of the nematode cornmunities befween Hailey Bay and Kapp Noryefia.
Data at? the ranw values (of sD anct vD at each d the sdes: rneans are i'n
HALLEY BAY
1582 - 1958 ml
}(APPNORVEGN
{211 - 2080 ml
Abeolute denelty (lnd.10 cm*l
Relatlve denslty {90
Mean lndlvldu.l hrigth (rrm)
Mean Indlvldual blornase (FS dwt)
Total blornass (g dwt m'2)
Ts..4-2?91.O (1s86.A
88.1-97.1 (S.n
0.667 - 0.972 (0.8sO)
0.124 - 0.297 (0.188)
0.67 - 0.652 (0.285)
EZ3.E-4B14.8 (1S.5)
82.s - s6.4 (S.8)
0.747 - 0.$6 (0.860)
o.1s4 - 0.351 (0.2S)
0.12G 0.966 (0.470)
Figure 1.6.: TWNSPAN analysis ot the samples based on the fourth-root-transformed taxon data with the indicator species (taxa)
for each dMsion indicated.
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f)cnlh varialinn wilhin mciafar rnr aammr rnili*. 'l /.
Meso-sca/e variabil$ in the Weddel/ Sea. A significant conelation was found between depth and food
(e.9. ATP, organic matter, heterotrophic nanoflagellates and bacteria) on one hand, and meiofauna
on the other hand Crable 1.4.).
Except for kinorhynch, nematode and oligochaete densities, meiofauna distribution was not
conelated with sediment texture. Surface oxygen levels (Eh), pore water nutrients (SiO2, POc, NOz,
NO3), and pigment concentrations (chlorophyll a, phaeopigments) also had little impact. High
variability between sites was found in the sediment texture, nutrient pore water chemistry, microbiota(bacteria and heterotrophic nanoflagellates), and concentrations of pigments and organic matter(Iable 1.1.). Despite this, the sediments wilhin the 4 major TW|N-groups exhibited several abiotic
and biotic similarities (Figure 1.7.).
Tabie 1.4. : Summary of significant Spearman Rank Oder Conelations for meiofauna vaiablds with environmental characteidics
npasurcd tdal neiofauna density (td dens); total nematode bromass tot bionr); individual nemafode brornass And bion); number
of taxa (N taxa); nematodes (nem); Knorhynches (Kn); harpacticcids (har); cnidaians (cni); priapulids (pi); naupliids (nau);
oligochaetes (oli); tardigrades (ta\; ostracods (ost); tanaidaceans (tan): bivalves (biv); polychaetes (pol).
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Figure 1.7. Sediment characfezsfcs and meiofauna densities in the 4 TWN groups.
Deoth variation wiihin meiofarrna commrrnities l6
The shelf of Halley Bay was typically characterized by high total density, high numbers of
nematodes, kinorhynchs, heterotrophic nanoflagellates, intermediate nematode biomass values and
very low nauplii numberc; the sediments were a mixture of silt and sand, and contained high ATP and
CPE levels. The shelf of Kapp Norvegia has a dense meiofauna population, coarser sediments and
high food concentrations.
The deeper slopes of both transects were poor in terms of meiofauna density and biomass compared
to the shelves. Low ATP, CPE and flagellate concentrations characterized the fine sediments. Total
density and biomass, nematode density, and ATP in the upper slope sediments had a strong affinity
with the deep localities, whereas generally intermediate concentrations were found.
The sands were the major component of the sediment, and there was a significant occurrence of
gravels. The seclimentation pattems can be related to high energy conditions due to the effect of the
Antarctic Coastal Current in this zone (Rohardt et al. 1990).
Such conditions prevent the deposition of finer fractions. At bout 400m deep off Halley Bay (Stns H4,
H5, HO) active sedimentation processes were recognizable from the high values of total suspended
matter observed during the cruise (Rabitti & Boldrin 1990).
A cluster analysis on macrobenthic densities and biomass in the Weddell Sea region (Gal6ron ef a/.
1992) indicated the existence of 2 assemblages according to geographic location (e.g.southern and
eastern shelf communities), though high variability within and between these 2 groups was found.
For the same reason Gedes et al. (1992) could not easily distinguish macrobenthic biomass from
Halley Bay and Kapp Norvegia. Most stations, therefore, were grouped with the eastern shelf
community described by Voss (1988), which is mainly composed of suspension feeders, strongly
dependent on depositing food particles.
Sma//-sca/e variability in the sediment. A high variation between replicates (as seen for the density
and biomass of the meiofauna), was observed. This small-scale (at the cm2 level) heterogeneity,
inherent to meiofauna in general (Sun & Fleeger 1991), is likely to be strongly influenced by the
microtopography and physical structure of the habitat, and hence the patchy distribution of the earlier
mentioned environmental factors.
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1.4.2. Comparison with other deep-sea areas in the world : large scale
variability and environmental impact.
Table 1.6. : Uterature data on total metazoan meiofauna density and biomass ln deep seas wifl, comparable depths. box:(multi)boxcorc4 mc: mufticore6 ': unicellular organivns inctuded in total counb; * W nematodes counted. Fotiwting Heip et at.(1985), convedon factors of 0.1, 0.4 and 0.5were used to obtain comparable C equivatents from wet wt, M and AFDW
Meiofauna. Table 1.5. is restricted to transects crossing continental shelves and upper slopes (e.g. t
200 to 2000m). The mesh sizes of sieves were similar, except for the study of Shirayama & Kojima(1994). As the use of different gear seriously influences the quantity of meiofauna sampled(Blomqvist 1991; Bett et al. 1994; Vincx et al. 1994), only boxcore and multicore studies were
considered. In this context it is important to note that a mixture of gear types was used in this study(fable 1.1.). According to Bett et al. (1994), boxcorers are less efficient collectors resulting in lowei
density recods, with possible differences of up to 50%. However, the apparent bias may vary both
with time and location. From the present study it is difficult to test the difference in sampling
efficiency as both types were not applied at the same sites. lf such sample bias occuneO, tne
implication is that density data obtained from multiboxcorer samples would underestimate the true
population levels.
From Table 1.5. it is clear that the meiofauna in the Weddell Sea is characterized by densities within
the range of other deepsea environments (upper limit of 5122 ind.1O cm't is a single exceptional
high value). only the warm and oligotrophic deepsea sediments in the Red and Meditenanean Sea
had significantly poorer populations. Hence, the current results fit the regression of total metazoan
meiofauna density with water depth, calculated for the north-east Ailantic Ocean (Vincx et at. 1gg4,
Figure 1.8.).
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Flgure 1.8. Regresslon output of the meiofaunal dengfes ln the nofth-east Aflantic according to Vincx et al. (1994). Data from the
Weddeil Sea arc added (black sgua/es) but not induded in the regrcssion analysis.
The composition of meiofaunal taxa tumed out to be similar to that found in other deeFsea
environments, with a predominance of nematodes and a relatively high importance of harpacticoids,
polychaetes and kinorhynchs. A body mass of 0.05 to 0.14 pg C is also in accordance with dimen-
sions of deepsea nematodes recorded from similar depths in the east Atlantic Ocean and Nonregian
Sea (Jensen 1988; Soltwedel 1993). Mean individualdry weight diminished along the transect, but no
conelation was found with median size. This difference is because extremely large individuals are
less frequent at greater water depths. These results partly support Thiel's hypothesis (1975).
Environmental impact. The factors controlling the standing stock of deepsea benthos have recently
received more attention. Gage & Tyler (1991) stated that large areas of the deepsea floor are
subjected to spatial and temporal disturbances on scales ranging from centimetres to tens of
kilometres, and from days to decades or longer. The amount of biologically utilizable particulate
organic matter settling from the pelagic, in particular, is a function of sedimentation and degradation
rates in the water column, and determines the amplitude and duration of a benthic response (Lutze et
a/. 1986; Graf 19E9; Gooday & Turley 1990; Sayles et a|.1994; Bak ef aI 1995). Meiobenthic biota
have been suggested to be structured by such POC flux and therefore coupled to phenomena in the
pelagic (Shirayama & Kojima 1994; Vincx et al. 1994; Soetaert & Heip 1995; Vanreusel ef a/. 1995).
The pelagic regime of the high Antarctic is typically characterized by sudden and pronounced bloom
events. Substantial amounts of organic carbon and biogenic opal may sink as a result of high
plankton death rates, current activity and melting processes in the vicinity of ice-shelves and
polynyas (Fischer ef al 1988; Wefer ef al 1990). Moreover, the sedimentation of faecal pellets
originating from the grazing activity of protozoans, copepods and krill is sometimes the main process
for the transport of material from the surface to the sea floor in the Weddell Sea (Wefer et al. 1990).
The importance of sedimentation pulses, both from the bloom and grazing, decrease with increasing
distance from the shelf (N6thig 1988; Weber 1992). ln the coastal/shelf domain off Vestkapp
(Weddell Sea)primary produdion exhibited high figures in the austral summer, ranging from 100 to
1000 mg C m-'d-', with a maximum daily POC flux of 65% at 100m depth (von Bodungen et al.
1988). For Kapp Norvegia no data on primary produclion were found, but flux rates were 3 to 1 10 mg
m-'d-' at 630m (Batmann et al. 1991).
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Substantial transport of phytodetritus to the sea bed (after ice-cover-related bloom events) and
supplemenlary lateral transport mechanisms were thought to give rise to high concentrations of CPE
in high Arcticwaters (Pfannkuche & Thiel 1987). Lowtemperatures induce low microbial rates, and
hence low organic degradation. Therefore, according to Thiel (1983), food is available to the benthos
for longer periods in these cold environments. In combination with low benthic respiration, which is
thought to slow down growth rates and increase individual life spans, these high food concentrations
gave rise to high meiobenthic standing stocks in the Arctic (Pfannkuche & Thiel 1987).
Thesamecouldapplytothecoldwaters(0.4"Cto1.9'C); Rohardtef at 1990)of thestudyarea. In
this region about 600/o of phytoplankton derived from detritus is mineralized within 16d by the
microbialcommunity in the pelagic (Knox 1994). However, phytodetritus can deposit relatively rapidly
and rates of 100 to 150 m d-' have been reported (Billet ef a/. 1983). This result implies that a great
amount of utilizable organic matter still reaches the sea bed within a few days. Concentrations of
pigment and organic matter recorded in sediments in this study were, however, low (Iable 1.3). it is
likely that sampling periods here were not immediately after phytodetrital sedimentation events.
Deposited organic matter had probably been utilised by the benthic faunal assemblages. Under the
assumptions that primary production and POM fluxes to the sea bed showed similar features as in
former years (r.e. high and very time-restricted), this would imply that benthos respond rapidly and
efficiently to the episodic food supply.
1.5. Conclusion
Meiobenthic density and biomass data encountered in the Weddell Sea are
comparable to major deepsea environments. Features such as very high, but patchy primary
produclion, with subsequent variable fluxes to the seabed, induce small- and meso-scale variability
between and within substrates (e.9. food resources and sediment texture), and are reflected in
meiobenthic distribution patterns. lt seems that the meiofauna in these regions has, therefore
developed strategies favourable to the conditions prevalent in cleepsea environments (e.9. high
variability within the environment and unpredictability of food sources). Year round surveying of
meiofauna and sediment properties, and a detailed investigation of age structure, metabolic activity
and diversity of the populations, is now needed before further conclusions about the Antarctic deep
sea meiofauna can be drawn.
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CHAPTER 2.
Comparative study of the nematode communities
in the bathyal Weddell Sea (Antarctica)
2.1. lntroduction.
During the 'European Polarstern Study" (EPOS leg 3), the zoobenthos of the eastem Weddell
Sea was sampled within an interdisciplinary approach which also included the analysis of
environmental factors and other faunal groups. The principal aim was to focus on different
ecosystem compartments at the same time from the same stations off Halley Bay and Kapp
Norvegia, with the general purpose of intenelating the various results (Arntz ef a/. 1990). With
the basic idea of characterizing a presumably rich benthic community from the High Antarctic
Subregion sensu Hedgpeth (1969), the intention was also to check whether the two areas of
interest differed in their faunal composition. Studies on the macrobenthic level largely separated
the sites into (a) an Eastem Shelf Community, within the confines of the Antarctic Coastal
Cunent in the east, on unsorted sediments at depths between 204 and 445 m and typified by
more sessile suspension-feeding bryozoans and hexactinellids, and (b) a Southern Shelf
Community, described by a trophic diverse association of motile echinoids and decapod shrimps
on sandy and soft bottoms strewn with stones at depths between 220 and 531 m (Hain 1990,
Gutt 1991, Gal6ron et al. 1992, Gerdes et al. 1992, Hempel 1992). The finding of these two
communities confirmed the pioneering work by Voss (1988) and broadly distinguished between
the two regions in question.
Previous assays on abundance and biomass of the meiofauna on gross taxonomic level
illustrated the relative importance of the nematodes in the area under investigation (Herman &
Dahms 1992, Vanhove ef a/. 1995). However, nothing is known about the distributional patterns
of these free-living marine organisms in the high Antarctics. What's more, a pile of literature
reported on various ecological aspects of nematode assemblages in the deep sea (de Bov6e
1987; Dinet & Vivier 1979; Jensen 1988, 1992; Renaud-Momant & Gourbault 1990; Rutgers van
der Loeff & Lavaleye 1986; Thistle & Sherman 1985; Tietjen 1971, 1976, 1984, 1989; Vivier
1978 a,b), but the majority concentrated on the abyssal and hadaldepths, ignoring the vicinity of
the shelf break. So far, only 4 studies addressed full transects crossing the shelf and slope
(Soetaert et al. 1991; Soetaert & Heip 1995; Vanaverbeke et al. in press, suDm) and one
concentrated on the shelf break (Vanreusel et al. 1992).
As nematode communities contain a large number of species, usually an order of magnitude
greater than for any other major benthic taxon (Heip ef a/. 1985), they are particularly suitable for
tackling ecological concepts such as the recent biodiversity problem. Biodiversity of nematode
assemblages is, however, far from fully understood (Boucher & Lambshead 1995) and
completely unknown for the high Antarctics. Nevertheless this is a crucial point in the general
understanding of nematode ecology. Furthermore it is a widely accepted view that macrobenthos
in Antarctica expresses elevated diversity (Arntz et al. 1994). Generalizing this finding to the
entire benthos needs considerations about the smaller fractions such as the meiobenthos.
The present paper reoorts for the first time on the nematode community composition in the
soft-bottom marine sediments in a number of stations at two regions (e.9. Kapp Norvegia and
Halley Bay) in the southeastem Weddell Sea at depths between 200 and 2000 m. lt delivers a
geographically extensive database from one of the largest shelf areas around the Antarctic
continent and challenges several undiscovered aspects in ecological research. The data will be
used in a comparative study of nematode distribution pattems and within-habitat diversity on
different scales (replicate, station, subregion, region and latitude), and effort will be done to
integrate the results with macrobenthic patterns. The application of established ecological
theories will enable us to test whether the meiofaunal component of the zoobenthos responds in
a similar way to the extreme Antarctic conditions of food, ice and temperature as does the
macrofauna.
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peryendicular to the slope, (b) across the shelf, and (c) along the shelf break off Kapp Noruegia (adapted from Fahrbach et
a|.1992)
ctoo
c
ooc(o
l-,(a
E
9tr
-.v
o)
o
cd
'l-'e.2
E'
oo
oN
@
o
@r
3a'
o
n
-.
o
c?
o
'<at
e
a
F]n
ftl
U)
Il-
--\r
\
TL
.JLUe
a
,o
o
rd
co
E]o
I
I
T-ot3 3loY_[!E(D\_
5 
=\iSl.=\6A; \Y:E6s
E,:LUi
TLL
:f
o
rd
!a
td
U)
Comnarative studv of lhe nematrxle communities in the bathval Weddell Sea lAntarctical: 25
2.2. Material and methods.
2.2.1. Study area, meiofauna and nematode treatment.
Details on the sampling of the meiofauna, geographic, bathymetric and environmental conditions
were described in detail elsewhere (Iable 1 in Vanhove ef ar. 1995). The environmental
variables used in the cunent study were listed in Table 2.1. ln summary, the samples were taken
in the Weddell Sea at Kapp Norvegia (71-72"5,12-13"W, station numbers starting with K) and
Haffey Bay (74-75"S, 25-29"W, station numbers starting with H) at depths varying between 211
and 2080 m (Figure 2.1.). The terminology oI downslope, deeper slope and upryr s/ope used in
the following sections actually refers to only one bathymetric region, namely the upper
continental slope sensu Grobe (1986). No sampling occurred at the slope tenace or lower
continental slope. The same holds for the use of the term deep sea in the section of the
discussion.
Table 2.1.: Sampling gear, number of reflicates identified, enircnmental vaiables and nematode numbers- For datails see
Vanhove et al. (1995).
Sampling gear
Replicates
Environmental variables (unitf
(m)
vt
sand (%)
('/")
matter (%)
ratio organic carbon: nitrogen
equivalents (ug cm-')
sediment ATP (mg m''z)
sillicate (!M)
biomass bacteria (ngC cm'2)
biomass heterotrophic
nanoflagellates (ngC cm-2)
Eh at -1 cm (mV)
Nematodes
abundance (%o)
numbers (ind.10 cm'2 )
mean
standard deviation
K1
211
MG MG MG MG MUC MUC MUC MUC MUC MUC MUC MUC MUC MUC MUC MUC MUC
33343322222222222
Hro Hll
405 537 561 1199 2080 582 502 271 339 458 492 633 681 806 1185 1958
6.1 34.5 40.1 15.7 1.0 0.0 0.0 1.5 0.0 7.0 19.1 11.4 17.6 2.1 0.0 0.0
16.5 14.1 14.9 15.3 3.0 1.3 4.7 24.5 8.0 4.1 7.8 20.7 16.9 13.4 2.1 1.2
38.3 39.5 21.6 46.9 72.6 38.1 32.2 13.'1 39.7 71.5 33.4 5.4 4.9 5.6 46 5 93.5
06 08 04 03 05 02 02 0.2 0.3 05 0.5 02 02 0.2 04 0.7
88 93 8.1 9.0 75 68 67 70 66 68 66 71 74 9.4 81 6.7
4.7 22 35 05 36 33 6.8 5.9 82 2.4 23 1.2 2.6 2.7
32 27 59 2.1 2.6 '1 3 33 30 30 4.2 2.7 1.7 0.8 2.9 25
334.1 340.1 353.4 375 2 334 1 357 5 358 6 270.9 336.2 376.4 416.0 380 9 212 0
103.7 94.6 75.9 68.5 91.1 1m.0 55.3 76.'t 90.5 102.9 78.7 47.1 78.2 114 6 64.5
'1308 1182 536 495 3415 1495 570 51.3 120.2 562 1117 519 316 164 130
DEPT
GRAV
MSAN
PELL
ORGM
c/N
CPE
ATP
slo2
CBAK
Eh-1
88.2
418506
82.5 86.8
479 436 484
86 9 96 4 95 9 93 6 94.6 93.2 95 9 94 5 88.7 88.1 94 3 93.997.'l
2245 1422 2119 827 750 818 1999 1995 1658 2991 2289 1342 730 747 990 1384 1317
442.3 301.9 1699.7 137.4 334.9 285.6 358.4 563.6 452.1 552.8'10253 218 W.2 376.7 154.8 365.8 827.9
Along the transects variation in grain size was sometimes high with median sand (0.5-0.25 mm)
ranging between 1 and 25 o/o. A significant presence of pellite (sometimes over 90 %) and gravel
(sometimes over 40 %) indicated differing sedimentation and hydrodynamic processes.
Meiofauna sampling included the use of multiboxcorer (MG) and multicorer (MUC) to a minimum
sediment depth of 10 cm; each meiofauna replicate originated from a 10 cm2 subsample of a
separate box or core of the device. The procedure for organism processing followed Higgins and
Thiel (1988); a 38 pm sieve was used to extract the meiofaunal size class. The nematode
numbers and their relative contribution to total meiofauna counts were discussed in Vanhove el
a/. 1995 and summarized in Table 2.1.
A random set of 200 nematodes from 2 to 3 cores were mounted in glycerin slides (Seinhorst
1959). ldentification to genus level was done using the pictorial keys of Platt & Warwick (198E)
and relevant deepsea literature (Platt 1985, Bussau 1993, Gourbault & Boucher 1981, Soetaert
& Vincx 1988). The nematodes were classified accoding to Lorenzen (1994). The four feeding
groups of Wieser (1953), distinguishing selective (1A), non-selective (18) deposit feeders,
epistratum feeders (2A) and predators/omnivores (28) were used to investigate the trophic
structure of the assemblages.
2.2.2. Data analysis.
A variety of multivariate, univariate and graphical methods were employed in the analysis
of nematode and environmentaldata sets.
(1) Test for replicability and small-scale patchiness. The variance to mean ratio of the nematode
genus numbers per station was used to cletect departure from randomness. The )f test of
sampling accuracy (Heip ef a/. 1988) indicated that differences between replicates at each
station were minimal (e.9. with exception of K4, the median X2 per station varied between 0.1
and 7.4 with 1-2 degrees of freedom, giving a non-aggregated dispersion at the 2.5olo
significance level). K4c appeared an enantic replicate and was therefore eliminated before
averaging the data for further statistical analyses. A test for the small-scale distribution of trophic
and age composition within a station was done on the pooled genera per replicate.
(2) Test for community structure. To define communities spatially, the averages per station at the
genus level of organization were used as input for the Two Way lNdicator SPecies ANalysis -
TWINSPAN (Hill 1979). First, as rare genera can be informative on the state of the community,
the non-reduced, non-transformed percentage datamatrix (158 genera) with cutlevels 0.00, 0.29,
0.59, 1 .41, 8.20 was used, for total analysis (the intermediate cutlevels were chosen so that an
equivalent number of observations were present at each cutlevel, the highest cutlevel was
chosen so that the highest scores were reduced in weight compared to the rest of the dataset).
Second, two reduced datasets for assessing the impact of the dominant genera were applied.
Herefore the median (0.'11 Yo) and mean (0.61olo) genus percentage of the entire datamatrix were
defined. Hence, genera with a relative abundance in the full stationset (percent of total) of less
than 0.11olo (reductionof 47o/o ) and 0.61olo (reduction of 78o/o) were subjected to classification.
In a thid step, as to the analysis of presence/absence, only two cutlevels were used being 0.00
and the maximum percentage data for the full and two reduced matrices.
To assess the consistency of these TWINSPAN-results, the clustering statistic groupaverage
sorting with Bray-Curtis similarities-GAS (Bray & Curtis 1957) on the same datasets and an
exploratory Correspondence Analysis (CA-option from the program package CANOCO, Ter
Braak 1988) on the arcsin transformed datamatrix were done.
(3) The relationship between community structure and environmental variables was examined
using the ordinatory Canonical Conespondence Analysis (CCA, also from the CANOCO
package). Apart from the variable 'depth', all available environmental variables dealt with
sediment properties: -) sediment texture: porosity, percentage of gravel, median sand, very
coarse sand, sand, silt, clay; -) potentialfood: organic nitrogen, organic carbon, chlorophyll-a,
phaeopigments, ATP, ETS, numbers and biomass of bacteria, numbers and biomass of
heterotrophic nanoflagellates at different size classes; -) interstitial nutrients: SiO2, PO4, NO2.
NOg; -) En at each sediment slice of 1 cm to a depth of 5 cm. As many variables proved to be
redundant only 10 were retained : depth, percentage gravel, median sand, pellite (silt+clay),
organic matter (carbon+nitrogen), biomass of bacteria and flagellates, concentration of silicate,
chloroplastic equivalents (chlorophyll-g + phaeopigments) and En. The method to chose for the
best variables was done by running CANOCO with the subsequent addition of environmental
variables (without fonrard selection) and testing the additional effect of the variable with a Monte
Garlo permutation test (ter Braak 1990).
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The missing values were calculated by interpolating from data of neighborhood stations (f.e. the
missing value of chloroplastic equivalents at Sta H3 was calculated as the mean of data from H2
and H4; the value at Sta KO was an average of all other stations off Kapp Norvegia). As the
environmentalvariables for Kl were not available, this station could not be used in the CCA. The
approximate position was used from the CA outputs.
Additionally Spearman rank corelations were computed between the biotic data and the reduced
set of environmental variables (augmented with ATP and C:N). Only the significant relations
below the 5olo level were retained in the output.
(4) The spatial variability in the nematode populations was tested using variance to mean ratios
(= index of dispersion) at different scales (e.9. station, subregion, region). Multiplied by the
degrees of freedom (number of samples-1) a good estimate of the pooled X2 statistic was given.
A probabifity of < 2.5o/o indicated significant aggregation (AGD)(Lambshead & Hodda 1994). A
high proportion of the genera proved to exhibit very low abundances, often with many zero
values. In a first series the zero-mean and zero-variance for absent genera in a set of stations
were eliminated; in a second set the nematodes with abundances lower than 0.11 o/o throughout
a set of stations were discarded. This data reduction was needed as rare genera drop below the
resolving power of the test (type ll error, the power of the test becomes so low that non-random
distribution cannot be distinguished from random, Lambshead & Hodda 1994).
(5) When charac'terizing a oommunity it is advisable to give different measures of diversity
(Boucher & Lambshead 1995). The methods for diversity employed included Simpson's
dominance index D = I (pi )' (Slmpson 1964), the species-richness Shannon diversity index H' =
- I (pi logz p) (Pielou 1975), Margalefs specie+richness diversity index 5p = (S-1) In N(Margalef 1958), Pielou's equitability index J' = H'/logz No (Pielou 1975) and Hill's diversity
numbers Ns (number of genera), Nr = EXP(H'*ln2), Nz = l/D and Ni6 = the inverse of the
proportional abundance of the most common genus (Hill 1973). p1 isthe proportional abundance
of each genus; S is the number of genera. K-dominance curves (Lambshead ef a/. 1983), and
genus abundance distribution curves (logarithm base 2, Preston 1948) were constructed to
visualize respectively dominance and genus richness/equitability (eveness). Hurlbert's
modification of Sander's rarefaction curves (Hurlbert 1971; BioDivesity-ecological analysis
program, Copyright NHM&SAMS) were used to determine E(G100), that is, the expected number
of genera present in a population of 100 individuals. This diversity measurement (based on a
lognormal distribution of the genera) is independent of sample size (that is the number of genera
identified), allowing to compare the different stations and regions in the Weddell Sea (alpha and
beta diversity sensu Whittaker 1960) and to compare geographical areas on a global scale
(gamma diversity sensu Cody 1986). As a supplementary measure of 'richness'the numbers of
species from common genera were given for each station. As nematodes from deep seas and in
particular the Southem ocean are very poorly described, we used the 'morpho'species concept
(that is the putative, easily recognizable species on the base of prominent morphological
features such as tail shape, buccal cavity, amphid dimensions, cuticle omamentation etc.). The
counts were based upon males only (e.9. as to the relative low amount of females the
morphology of males was the only sure and immediate indication of a new species), and
therefore robust and minimum estimates.
Trophic diversity was calculated to describe the diversity in feeding types as T = I 92, with S the
proportion of each feeding type in the assemblage (Heip et al. 1984), Trophic diversity is highest
when all feeding types are equally presented (e.9. T=0.25) and lowest when only one trophic type
is present (e.9. T=t1. The diversity within each feeding guild was calculated using Hill's diversity
numbers and Shannon's diversity index on the abundances of the genera within each feeding
type over the entire transect.
A Kruskal Wallis H-test and subsequent Mann-Whitney U-tests (Siegel 1956) were performed to
look for significant differences in diversity between Kapp Norvegia and Halley Bay and between
the TWINSPAN-dusters.
(6) Most analyses under (2), (3) and (5) were also applied to the family level of organization.
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2.3. Results.
For the classification of the ganera see appendix 1
For raw data see appendix 3
2.3.1. Descriptaon of the populations.
About 7300 specimens were identified. 97olo belonged to 158 genera. The remaining 3olo
appeared to be unrecognizable. Many specimens were also pooled to single genera, although
based upon the high level of morphological distinctness, probably belonged to different genera.
Exampfes were Desmoscolex (Pareudesmoscolex and Desmosco/ex), Greeffiella (Greeffiella and
Prototricoma), Paramonhystera (Paramonhystera and Promonhystera), Monhystera (all
Monhysterids except for Diplolaimella), Gammarinema (Gammarinema, Geomonhystera,
Thalassomonhystera), Araeolaimus (Araeolaimus and Pararaeolaimus) and Desmodora
(Desmodora and Pseudochromadora campbelli). Pooling was done because of taxonomic
uncertainty.
Table 2.2.: Overall relative abundance of thd nematode families coilected in the Wecldell Sea sorfed by descending order of
impottance, and with inclicatiq of the number ol genara found.
From the 40 families (Iable 2.2.), Chromadoridae were dominant (15%). They were followed by
Comesomatidae (12o/o), Desmodoridae (11o/o) and Microlaimidae (10%). 14 other families were
represented by 1o/o of the nematode populations, whereas more than 50o/o of the families had
relative abundances lower than 1olo. Xyalidae, Chromadoridae and Linhomoeidae were most
diversifiedintermsof genusnumbers,withrespectivelyl6, 14and12genera. Sabatieria,witha
refative dominance of 8% ranked first, whereas Molgolaimus, Microlaimus, Monhystera and
Dichromadora had abundances of more than 5olo of the entire nematode populations (e.9.
respectively 8, 7, 7 and 60lo in Table 2.3.). Co-dominant genera were Daptonema (4o/o),
Leptolaimus (4o/o), Acantholaimus (3olo) and Ceruonema (3Yo). 75o/o of the genera were present
with abundances lower than 1olo.
% OFTOTAL #GENERA %OFTOTAL #GENERA
Chromadoridae
Comesomatidae
Desmodoridae
Microlaimidae
Monhysteridae
Xyalidae
Leotolaimidae
Diplopeltidae
Oxystominidae
Cyatholaimidae
Aegialoalaimidae
Desmoscolecidae
Selachinematidae
Linhomoeidae
Monoposthiidae
Anticomidae
Ceramonematidae
Meyliidae
lronidae
Trefusiidae
13 + 1 undefined
7 + 1 undefined
4
6
4 + 1 undefined
15 + 1 undefined
6
6
7
10
3
5 + 1 undefined
5
11 + 1 undefined
4
I
5
J
2
1
?
14.90
11.98
10.66
10.16
8.91
8.89
5.75
3.78
3.15
3.01
2.58
2.16
1.97
1.69
1.58
1.48
1.46
1.16
0.82
0.79
Pandolaimidae
Thoracostomopsidae
Oncholaimidae
Phanodermatidae
Anoplostomatidae
Epsilonematidae
Sphaerolaimidae
Coninckiidae
Neotonchidae
Axonolaimidae
Rhabdodemaniidae
Draconematidae
Enchelidiidae
Haliplectidae
Leptosomatidae
Simpliconematidae
Tubolaimoididae
Siphonolaimidae
Ethmolaimidae
Tarvaiidae
0.64
0.44
0.43
0.35
0.20
0.16
0.1 1
0.11
0.10
0.10
0.10
0.09
0.07
0.04
0.04
0.04
0.03
0.03
0.01
0.0'1
1 00.00
1
5 + 1 undefined
2
4
2
1
?
1
1
J
4
?
o
1
2
4
I
2
4
I
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fable 2.3.: Overail rclative abundance of the nematode genera cdlected in the Weddell Sea and sorted by feeding types; 3.4
ot| of the tdal set wds nd iden(rfied. Th6 genera in the center of the CCA genus plot (not dapicteQ were indicated with an
asfetsk
SELECTIVE DEPOSIT
FEEDERS
NON.SELECTIVE DEPOSIT
FEEDERS
iParamonhystera
Yo
8.44
6.63
4.43
1.37
1.08
0.83
0.79
0.78
0.63
0.62
0.47
0.36
0.22
0.19
0.14
0.12
0.12
0.11
0.08
0.07
0.07
0.07
0.07
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.01
0.01
0.01
0.01Odontophora
EPISTRATUM
FEEDERS
PREDATORS.oMNIVORES
Molgolaimus t
Lefi,olaimus
Cervonema *
Aegialoalaimus '
Halalaimus u
Southemiella t
Desmoscolex t
Metadasynemella
Diplopeftula '
Oxystomina t
Pareudesmoscolex *
Pselionema i
Quadicoma t
Rhabdocoma t
Araeolaimus t
Greeffiella t
Ticoma *
Diplopeftoides t
Prototricoma t
Aponema *
oh
7.84
4.16
2.71
2,19
2.02
1.74
1.11
0.75
0.63
0.57
0.56
0.53
0.51
0.51
0.40
0.37
0.34
0.29
0.27
0.26
0.26
0.25
0.18
0.15
0.14
0.14
0.14
0.12
0.11
0.11
0.11
0.11
0.08
0.05
0.05
0.05
0.05
0.04
0.04
0.04
0.04
0.03
0.03
0.03
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
isabatieia
i.Monhystera
iDa4onema
Gammainema
Diplolaimella
Campylaimus
Ihenbfus
Ammotheistus
Pandolaimus
Paralinhomoeus
i.Amphimonhystretta
iGnomoxyala
iRhynchonema
iChaetonema
iEtzatia
iHalanonchus
iMetadesmolaimus
iMetalinhomoeus
iAnticyathus
iMegadesmolaimus
iAxonolaimus
iPiemcka
i.Amphimonhystera
iAnoplostoma
iEleutherolaimus
;Sefosabaflen'a
iRichtersia
i.Desmolaimus
i.Eumorpholaimus
zDiplolaimeiloides
iAmmotheistus aff.
iAscolaimus
iChromadorita
iNannotaimoides
iLinhomoeus
iPseudodesmodora
iSpirobolbolaimus
iParamesonchium
iCobbia
i.Trochamus
iNeotonchus
Crenopharynx
Chromadorella
Rh,ps
Vasosfoma
Echinodesmodora
Chromadoina
P a ralon g i cy athol aimus
Dagda aff.
Valvaelaimus
Platycoma aff.
Enchelidium
Spiliphera
ftycholaimellus
Ethmolaimus
Paracyatholaimoides
Prochaetosoma
Hopperia
Halichoanolaimus
Syringolaimus
Gammanema
Viscosia
Pompnema
Paramesacanthion
Sphaerolaimus
Bolbolaimus
Phanoderma
Rhabdodemania
iEnoplolaimus
|oxyonchus
iBatheurystomina
i.Dotiotaimus
Siphonolaimus
Pontonema
Simplocostomella
Cheironchus
Latronema
Fenestrolaimus
Cylicolaimus
Belbolla
Calyftronema
Eurystomina
Yo
' 7.39
* 6.07
* 3.34
' 2.22
' 2.19
1.52
* 1.30
' 1.26
' 1.20
. 1.15
' 1.00
0.63
0.59
0.55
* 0.38
' 0.31
' 0.27
* 0.25
' 0.22
' 0.16
* 0.16
0.16
0.16
0.16
0.14
0.11
0.10
0.08
0.07
0.07
0.07
0.05
0.04
0.04
0.04
0.04
0.03
0.03
0.01
0.01
0.01
0.01
0.01
0.01
%
1.22
0.79
0.63
0.38
0.33
0.25
0.22
0.1 1
0.10
0.10
0.10
0.07
0.05
0.05
0.05
0.04
0.03
0.03
0.03
0.01
0.01
0.01
0.01
0.01
0.01
0.01
Thalassoalaimus
Terschellingia
Anticoma
Epsilonema
Minolaimus
Disconema
Trefusia
Pterygonema
Nannolaimus
Micoletzkyia
Litinium
Coninckia
Alaimella
Draconema
Linhystera
Diplopeltis aff.
Phanodermopsis
Lefiolaimoides
Sefop/ecfus
Manganonema
Simpliconema
Diplopeltis
Nemanema
Wieseria
Dracograllus
Hapalomus
Proticomoides
Stephanolaimus
Tarvaia
Cyaftonema
Tubolaimoides
Disconema aff.
Cicohalalaimus
Chitwoodia
iMicrolaimus
i.Dichromadora
Cephalanticoma
Marylynnia
Neochromadora
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High juvenile percentages and inadequate descriptions of deefsea and Antarctic nematodes
restricted the research to the generic taxon level. However, for comparison the number of
'morphospecies' (e.9. species typified by drawings of males) of common genera in each station
were listed in table 2.4.
Classification of the genera of the entire nematode population in the Weddell Sea into feeding
guifds (f'able 2.3.) suggested a predominance of epistratum (2A: 34o/o, 44 genera), selective
deposit (1A: 30o/o, 54 genera) and non-selective deposit feeders (18: 28o/o, 34 genera). The
predator/omnivores were much less present (2B: 5o/o, 26 genera)(the remaining 3olo wos not
identified). Differences among stations were considerably high revealing extreme ranges of
feeding types: 18-49o/o (1A),22-40olo (18), 24-55o/o (2A) and 2-13o/o (28) ffable 2.5.: left
columns). The variance:mean ratios (Iable 2.5., right columns), indicators of small-scale spatial
distribution, showed that all feeding categories had on average a clumped distribution (e.9. mean
and median variance:mean ratio is much higher than 1). X2-testing showed also that the four
trophic categories were often distributed in patches among the replicates within the stations (e.9.
significant departure from randomness at the .025 probability levelwas indicated with asterisks).
Half of the nematode populations were juveniles (on average about 50o/o) and the sex ratio of the
adults was 1:1. Where the males were not significantly aggregated, the females and juveniles
were at two stations. This difference was confirmed by the median variance:mean ratio for the
three age categories, but again patterns between stations varied a lot.
Table 2.4.: Number of putative species in common genera from each station.
Kl Sabatieria
Southerniella
(Calo)microlaimus
K2 Molgolaimus
Sabatieria
Dichromadora
K3 Molgolaimus
(Calo)microlaimus
Nudora
K4 Sabatieia
Monhystera
Molgolaimus
KS Molgolaimus
Sabatieria
K6 (Calo)microlaimus
Achromadora
Acantholaimus
Sabatieria
Hl Cervonema
Monhystera
Daptonema
Leptolaimus
H2 Dichromadora
Sabatieia
Daptonema
Leptolaimus
H3 Achromadora
Daptonema
Monhystera
H4 Daptonema
Monhystera
Sabatieia
(Calo)microlaimus
H5 Daptonema
(Calo)microlaimus
H6 Sabatieria
Acantholaimus
H7 Molgolaimus
H8 (Calo)microlaimus
H9 (Calo)microlaimus
Molgolaimus
H10 Sabatieia
Molgolaimus
H11 (Calo)microlaimus
Dichromadora
Acantholaimus
Desmodora
no
5
4
3
5
1
3
5
2
1
1
2
3
4
4
4
4
4
3
1
I
3
1
1
J
1
2
3
4
3
3
3
o
4
?
J
3
no
1
3
3
3
4
2
5
4
4
4
2
,|
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TaNe 25.: Percentage data d J: juveniles, F: femabs, M: males; 1A: selactive derysit fe€dels, 18: non-setective deposf
feedec, 2A: egistratum lbeders and 28: prcdatodomnivorcs (varues at tha left), and vaiance:nean rati6 on pooled
nomatodo data (vdues at the n$fl. The values matked with an asfensk indcato skgrificant aggteg€,tion at the .025
significance hvel (d.f. = degrees of freedom for chi-quadnt testing).
K1
K2
K3
K4
K5
K6
H1
H2
H3
H4
H5
H6
H7
H8
H9
H10
Hlt
d.f. J F M 1A 1B A 28
2
2
2
3
2
2
1
1
1
1
1
1
1
1
1
1
1
57
53
61
67
55
50
51
43
47
50
52
60
50
52
50
52
46
0.6
0.1
0.6
7.3 *
6.4 *
0.1
2.3
3.2
0.1
0.3
1.1
2.6
0.0
2.3
0.0
1.3
2.4
18
22
19
18
23
26
24
30
25
23
24
24
23
23
25
24
30
0.3
1.3
1.9
0.1
0.2
3.7
0.1
11.7 "
0.4
o.4
o.2
2.5
5.6 *
2.8
1.8
0.1
1.8
25
25
20
15
22
24
25
26
29
27
24
16
27
25
25
24
24
0.3
0.4
0.6
0.1
0.1
2.6
0.8
2.2
0.0
1.0
0.0
0.3
0.1
0.0
0.3
2.7
0.0
27
38
36
35
49
26
37
28
23
22
23
25
40
26
37
28
18
1.5
1.2
2.5
13.0 *
8.2"
0.7
1.2
1.3
o.7
1.8
6.6 *
10.9 *
15.9 *
'10.6 *
0.3
2.8
1.0
40
25
23
27
23
28
29
34
35
42
42
27
23
25
22
26
24
3.6
1.4
7.5'
4.7 *
10.6 *
8.6 *
2.7
4.6
4.5
0.1
15.3 '
4.0
0.3
0.0
0.1
4.4
0.1
29
36
29
35
24
40
29
32
37
34
32
35
31
46
38
38
55
1.8
2.4
4.5 *
11.1*
5.9 *
0.6
1.2
0.3
0.2
0.1
0.6
3.1
2.7
3.1
2.6
4.8
0.6
4
6
2
4
4
6
5
7
6
3
4
13
6
4
3
8
2
1.4
9.1*
1.8
1.2
0.3
2.8
8.0
2.9
1.8
0.1
3.8
5.2'*
3.9
3.8
0.0
6.3 *
0.1
mean
median
53
52
1.8
1.2
24
24
2.1
1.6
24
25
0.7
0.3
30
28
4.7
2.2
29
27
4.3
4.1
35
35
2.7
2.5
5
4
3.1
2.9
2.3.2. Faunal affinities between the stations.
The Twinspan on the non-reduced genus dataset (Figure 2.2A) divided the total nematode
community into four major groups (in following discussion assigned as subregions): the UPPER
SLOPE stations H7,E,9 off Halley Bay + K5 off Kapp Norvegia; the DOWNSLOPE samples K6,
H11;the stations on the HALLEY SHELF Hl,2,3,4,5; and a heterogeneous group (MlX-group)
consisting of a mixture of the SHELF BREAK stalions K4, HO at both transects and NORVEGIA
SHELF stations K2,3. The results were consistent between TWINSPAN and GAS for the full and
reduced datasets, within a wide range of chosen cutlevels for TWINSPAN-analysis, and for
genus and family level of organization (not figured). Changes occuned in the positions of Kl, K5,
H6 and H10.
Figure 2.2.A: Output of classification (TIMNSPAN with indcation of indicator genera) on genus level of organization.
K6
Hl1
.--
DOWNSLOPE
Halichoanolaimus
H1
H2
Nudora (1+)
Chromadorita (2+)
Cephalanticoma
K5
*H7
*Hg
*Hg
*'--
UPPER
*K4
*H6
HALLEY SHELF
K1
K2
K3
H10 NORVEGIA SHELF
*
SHELF BREAK
Mtx
H3
H4
H5
Comnarative strdv of the nematode commrlnities in the bathval Wecldell Se: lAntare.tica\' 33
The CCA-ordination diagram (Figure 2.2B) matched greatly with the TWINsPAN-classification;
only the shelf break cluster could not easily be identified. The upper slope and mixed group
showed the highest separation along the second axis, and confirmed greatest dissimilarity in the
GAS-analysis (upper slope 45% and shelf break 43olo). Centered genera (53 % of the total
number) were indicated with an asterisk in Table 2.3., and belonged to all feeding types. Other
axes combinations (e.9. axis 1/3, axis 23, etc..) gave more or less the same results.
-10 o 10
Ftgure 2.2.8: Output of ordination (CCA enironmental biplots with indication of the clusters ds identified by fwinspan) on
genus level of organization. The gradient length tor the biplot of environmental variables is 3.4 times higher than the specles
scores. Maximum vaiance was 21ot5 hxis 1).
2.3.3. Relation with environment.
On the one hand, the biplot diagrams (Figure 2.2B) demonstrated that the environmental
vectors did not coincide with any of the four first canonical axes, indicating low conelations of the
environmental variables with the ordination plane (for example, the eigenvalues of the first four
canonical axes of the analysis on genera were respectively 0.20, 0.14, 0.13 and 0.12, and the
separation of genus distribution was 3.7 times smaller than the environmental gradients). On the
other hand, the cumulative percentage variance explained by the four axes was still 630/o, and
42o/o of the genera were in one way or another significantly conelated with environmental
variables. Combining these observations shows that there was no single main gradient, but a
complex interaction of different environmental variables, explaining the variability in the
nematode distribution.
Some distinction could be discerned between the different subgroups, confirmed by the
Spearman rank analysis between the preferentials of each cluster and the environmental
variables (l-able 2.6.). The majority of the UPPER SLOPE-populations showed significant
positive correlations with median sand and opposite effects with pellite and organic matter. The
HALLEY SHELF-genera preferentially lived in undeep, food rich (high CPE, low C/N)
circumstances, often avoiding the coarser sediment fractions, whereas at the DOWNSLOPE
they lived in finer sediments with low benthic biomass (p was significantly negative for ATp).
These nematodes did not explicitly conelate with depth (p > .05, except for Batheurystomina).
The M|X-string (shelf break and Norvegia shelf) showed combined properties, often typified by
higher gravel concentrations and higher C/N ratios.
40 of the remaining genera- no pronounced indicators of any of the 4 subgroups showed also
conefations with specific environmental features (not presented). ln total, 22o/o of all (158)
genera of the nematode were significantly correlated with sediment granulometry, 2E % with any
of the food related factorc and 4 o/o with depth.
The proportion of selective deposit feeders (1A) augmented when the C:N ratio's increased (p<
.001), and decreased in importance with elevating CPE-levels (p< .05). A completely opposite
relation was found with the non-selective deposit feeders (e.9. p values of 1B vs. C/N and 1B vs.
CPE were respectively - .004 and +.01). The epistratum feeders (2A) were related to the overall
sedimentary biomass given by ATP (p< .05) and the biomass of heterotrophic nanoflagellates(p< .01). The life history stages showed only obvious conelations with gravel (- sign for adults
and + for juveniles) and organic matter ( signs for adults).
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Table 26.: Significant p-lavets of the Speaman Rank corclation between mein nematade genera of each subregfrin in the
Weddeil sea, fhe overal ilophic ancl fite history trari/s, and environmantdl vaiaUes (rnsand: noddn sand, pell: peffite, CN:
organic caftdnitrcgen, CPE: chloroflastic equivalents, Cbak bionass bacteria, Cflag: biomass heterotrophic
nanollagellates).
|r)c
ro oloo
+
o
-i + ++ +
(Y'
.i g sg d
a
., -, *r..1- *, + '+.
ro (V) rf tcl o oo E s@o -. -.6 tr Rgox uq
*, 
-:-., -, -i + + J +-q EsqS E 5 H IYbeq
??????- f
_r+
tC{Crl-loroe :ooooooo o r\6--6-65 - 5 q'o
+ + + + + + + 
-, _, JJ.+ +-
l()lolo(f) LoNl- (9 C! L-lo;66eits Udd c c 86q Ioo
C!oEIol
NI
ol
ol
H
6l
fl
EI
+++
c\t (9 loaoooo
+
c{o
+ ..:-(v) NC)Y
|ooc!c!oooo
'o
s s s $ $F sFs E gs $$ eFs$ $ t Fs s t $ u $
.5
=
t
o
oc
'
oo
os
o
g
G
t
*3
fi$
<(n<co
rrNN-:lI 2
2.3.t[. Spatial variability within the nematode populations.
Table 2.7.: Percentage aggrcgation (%AGD) of the nematode populations at drffercnt scares in the Weddeil Sea calculated
by the chi-quadraf sfafsfc. The vaiability within the data of the individual nematode genera was fesfed for (n-1) depes of
freedom; aggregation was assgned when p < .025' Sfafon; between the induidual stations, Subregiona!: between the poded
sfatons of the TWN-grwpq Retionaf between the poded stations off Halley Bay and Kapp NoweQa. fte fesfs werc done
on two types of raducecl datamatices: I) elimination of all genera with zero mean and zero vaiance in the considered set of
sfatots, andll)eliminationof all generewithabundances<0.11%inthecongdered sef ofsfatons. N:numberof generain
the respective sfafon sefs.
Station
Subregional
Regional
Variability within regaons and subregions
Halley Bay
Kapp Norvegia
Upper slope
Downslope
Norvegia shelf
Halley shelf
Shelf break
Mix
tl
N o/o AGD N o/o AGD
158
158
158
130
132
109
77
93
83
92
120
58
51
34
49
37
24
20
29
30
27
38
83
83
83
87
85
91
76
73
57
73
84
88
78
61
69
56
27
20
38
42
33
54
Total variability within the genus counts, given by the X2 value (65018.6, 2685 dD,
indicated a high significant contagious dispersion at the .001 level of the nematode populations
of the Weddell Sea.
Looking at different spatial scales (Iable 2.7.) this aggregated pattem was most obvious at the
station level (e.9. 58-88% of the nematode populations aggregated in particular stations), and
was mainfy due to the most dominant genera Acantholaimus, lxonema, Nudora, Theristus,
Molgolaimus, Microlaimus and Sabatieria. The dispersion pattems indicated a descending
magnitude of aggregation from the lowest (station; 88%) towards the highest (regional;610/o)
smle. At the regional level (second half of table 2.7.) the within group variation was highest in
Halley Bay (49-69 o/o) compared to Kapp Norvegia (37-560/0). At the subregional scale the
variation was lowest downslope (20Yo) and highest in the M|X-string (38-54o/o). The )G statistics
confirmed the findings of the CCA and GAS analyses.
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2.3.5. Diversaty and relationships with the environment.
Table 2.8.: Nematode genus and tamily divercity on the number of nematodes identified par sample. N: identified nematodes
as average numberc per sample (total) and as percentage (,6) of population size per station, E(G100): expected no of genera
per 100 individuals, D: Simpson's doninance index, H': Shannon's diversity index, SR; Ma4galefs specles ncDness divenity
index, J': Pielw's aquitaffi inckx, Hiils diversity numbers: N6 no ol genera (rcspectively families), Nr: EXP (H' ' ln2), N2:
1/D, Nin: 1/propottional abundance of the most common genus (respectively family), T: ttophic index.
Diversity was high. The total genus numbers (No) on an average of 180 specimens
identified perstation varied between 40 and 72;the expected genus numbers (EG100) between
30 and 54; the Shannon-Wiener diversity index per 10 cmr between 4.1 and 5.4 bits and
Margafef's diversity index between 20 and 24. Additional diversity indices were listed in Table
2.8. Family numbers averaged around 23 per station with a dominance index (N;/ varying
between 3.4 (in K5) and 8.6 (in H7).
K1
K2
K3
K4
K5
K6
H1
H2
H3
H4
H5
H6
H7
HE
H9
Hl0
Hl1
N GENUS FAMILY
total o/o E(Gl00)r D H' SR J' No Nr Nz Nrnr T No Nr N2 Nm
190
196
171
147
188
186
178
173
183
185
182
175
177
182
172
172
189
8
14
I
18
25
23
I
o
11
6
8
13
24
24
4'7
12
14
39 i 0.07
41 | o.os34 r0.07
35 | o.o+45 | 0.09
I42 r0.0630 | o.oz38 | 0.05
38 | o.os35 | o.oz32 t 0.07
s4 | o.oa52 r0.03
I44 r 0.0543 lo.oo34 | 0.0530 | o.ro
4.8 20.3 0.80
4.8 21.5 0.79
4.6 20.5 0.78
5.1 23.5 0.86
4.7 23.6 0.77
4.9 23.3 0.80
4.4 20.6 0.82
4.7 20.6 0.84
4.8 21.1 0.86
4.4 19.5 0.80
4.4 20.2 0.82
5.3 21.8 0.87
5.4 23.8 0.89
5.0 23.8 0.85
4.9 22.8 0.83
4.8 21.6 0.86
4.1 21.8 0.76
62 27.4 14.8 5.0
69 28.5 18.4 7.7
58 23.6 14.8 6.3
60 34.5 24.6 11.1
72 26.8 11.6 4.2
66 29.1 18.1 8.3
42 21.3 15.2 9.1
46 25.3 18.3 9.1
47 27.4 18.9 7.1
46 21.3 14.3 7.1
44 22.2 15.0 6.7
70 40.4 26.8 11.1
68 42.9 30.2 10.0
62 33.1 21.6 8.3
58 29.1 16.8 6.7
45 26.0 19.4 9.1
40 16.6 10.5 5.0
0.29
0.31
0.30
0.27
0.34
0.30
0.28
0.29
0.30
0.33
0.32
0.24
0.29
0.29
0.30
0.29
0.38
28 14.0 10.3 4.8
27 13.2 9.7 5.3
25 13.3 10.7 5.8
25 15.4 12.5 7.3
26 13.3 8.0 3.4
25 12.2 8.9 4.2
22 12.3 10.1 6.9
21 13.3 10.5 5.8
22 11.6 8.5 4.4
19 9.8 7 .5 5.0
19 11.3 8.9 5.8
25 15.9 11.9 5.2
25 17,2 14.4 8.6
28 14.7 10.1 4.5
21 13.9 10.7 5.5
22 12.9 9.8 5.6
19 9.0 6.5 3.8
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Figure 2.3.: Cumulative genus abundance distibution curues plofting the number of gcnera against the number of
nematodes in dgnsrfy c/asses, according to Preston (1948). The consecutive slatons were indicated next to the graphs.
The genus abundance distribution curves (Figure 2.3.), plotting the number of genera against
nematode density classes, demonstrated that
(1) according to the height of the curves (genus richness), the closely clustered Halley Bay
stations (shelf and deeper slope) were separated from the comparatively widely scattered Kapp
Norvegia stations (including shelf break and upper slope from Halley Bay). The distinction was
based on the number of nematodes identified (-10 and 20 o/o, N% in Table 2.8.), and thus as a
result of sample processing. Yet, genus richer stations in the upper part of the graph (e.9. Kapp
Norvegia, shelf break and upper slope with exception of Kl and K3, on average EG100=43,
SR=22.5, H'=5.0, No=65, Nr=32) were separated from the genus poorer stations in the lower
sectorof the plot (on average EG100=34, SR=20.8, H'=4.5, No=44, Nr=23).
(2) according to the shape of the curve, genus distribution was more or less similar for all the
stations. This confirmed the stability of eveness values in Table 8 (e.9. J' varied between the
narrow range of 0.76 and 0.89).
Genus richness (H', No and N1) was positively correlated with gravel (p< .05) and median sand
(p< .05), and negatively conelated with pellite (p< .01) (results not presented). Eveness (J) was
negatively correlated with pellite and organic matter (p < .05).
The k-dominance curyes (Figure 2.4.) had similar shapes, showing the same trends in the
distribution of the dominant genera. They were positioned intermediate between the upper Hl1
with highest dominances (D=0.10) and the lower H7 with opposite trend (D=0.03)(Iable 2.8.).
1€
H6
K2
H7
K6
K1
Ft8
K4
t€
lcl
Halley Bay (shelf + deeper slope)
ia (+ shelf break +
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Figure 2.1.: K-dominance cuves plotting the cumulative genus ftequenc,es againsf their rank. Nl station cuves were
situated between the extrcmes H7 and HI1.
None of the environmental variables dealing with potential food (C/N, CPE, ATP, biomass of
flagellates, biomass of bacteria), were corelated with any of the diversity indices, nor was depth.
Trophic diversity (I in Table 2.8.) was very similar for all the stations averaging around 30. Two
sites deviated from the generaltrend: HG CI=0.2+, the highest diversity) due to the exceptionally
high proportion of predatorVomnivores at the expense of the usually dominant detritivores, and
H11 O= 0.38) with a dominating proportion of epistratum feeders. The selective deposit feeders
contained the highest number of genera (Ne), whereas the epistratum feeders were more diverse
regarding the dominance indices Nz and N1n1. However, differences in diversity among the trophic
guilds were minimal Clable 2.9.).
Table 2.9.: Abundancg and diversiy of the different feeding $pes pooled over the entire transect. H': Shannon's diversity
index (bib.ind'1; Hiil's diversity numbers: No: no of genera Wr trophic category, Nl EXP (H' ' tn2), N2: l/Simpson;s
dominance index, Nia: l/highest abundance per teeding categpry.
1A
1B
2A
28
t{ HitlNo Nr Nz Ninr
30
29
36
5
4.0
5.2
3.9
3.5
54 '16.1 8.9 3.9
34 8.9 5.6 3.3
44 14.6 9.2 4.6
26 11.1 7 .4 3.8
DOMINANCE
H11 Gi-*---re
H7H
Trophic dominance (high T) was significantly positively conelated with pellite, and negatively
with genus diversity (H': p<.02; Nm: p<.001). The selective deposit feeders were significantly
correlated with the number of genera (No, p< .05, - sign), and predators/omnivores were highly
positively conelated with Nim Oable 2.6.).
2.3.6. Comparison between the nematode communities in the regions.
Figure 2.5., comparing the major characteristics of the nematode communities between
Kapp Norvegia and Halley Bay, demonstrated that the two regions had, among the highest
dominances, genera like Sabafiena, Molgolaimus, Mhrolaimus, Monhystera and Dichromadora in
common. Daptonema dominances in Kapp Norvegia were, however, low compared to Halley
Bay, and the contrary held for Molgolaimus. Similarly chromadorid dominances in Halley Bay
were substituted by the closely related desmodorids in Kapp Norvegia.
The communities differed also in their structure of the less common Nudora, Southemiella,
Camacolaimus, Gammarinema and Actinonema in Norvegia from populations of
Prochromadorella, Halichoanolaimus, Paranticoma, Calomicrolaimus in Halley. Twinspan
indicator families (classification outputs not depicted) for Kapp Norvegia were Monoposthiidae,
Diplopeltidae, Ceramonematidae, Pandolaimidae and Sphaerolaimidae; and for Halley
Selachinematidae, Anticomidae and Linhomoeidae. Deposit and epistratum feeders dominated
at both sites, being roughly equally represented (about 30o/o each) and sexual composition was
more or less similar for the two regions. Except for the absolute number of genera (Kruskal-
Wallis, p = .03) indices of structural and trophic diversity were identical (Kruskal-Wallis, p > .05).
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Flgure 2.5.: Compaison on a regional scale of the nematode asse/nblages in the Weddell Sea. Genera and families
representing on averagp a minimum of 20/6 of the re(ional population werc shw,/n; trophic and age composition were
calculated as averages of the composing sfafons; diversity indices give mean t standard devietion-
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Depth variation within nematode assemblages: 42
2.3.7. Comparison between the nematode communities in the subregions (twingroups).
The comparison on the subregional level (Figure 2.6. and results from Twinspan analyses)
indicated lhat Monhystera and Dichromadora were amongst the most dominating genera in all
subregions along the transects.
The shallow-water nematodes, of which Monhystera, Microlaimus, Sabatieria, Dichromadora and
Leptolaimus were the most prominent representatives, switched in their dominances on both
shefves (Figure 2.6A &B). Additonal genera for the Hallev shelf were Daptonema, Leptolaimus,
Prochromadorella, Cervonema, Halichoanolaimus, Paracanthonchus, Calomicrolaimus,
Paranticoma, Gammarinema, Desmoscolex, Paramonhystera, Diplolaimella, Quadricoma,
Paralinhomoeus, Metasphaerolaimus, Aponema, Aegialoalaimus (mainly members of the
Xyalidae, Monhysteridae, Comesomatidae, Leptolaimidae, Desmoscolecidae, Microlaimidae).
For the Norveoia shelf more individuals from Molgolaimus, Leptolaimus, Pandolaimus,
Gnomoxyala, Metadesmolaimus, Vasostoma, Mesacanthion, Paralongicyatholaimus and
Nemanema (mainly Pandolaimidae and Monoposthiidae) were recorded. Where trophic
composition and diversity were highly similar, the absolute number of genera was higher on the
Norvegia shelf.
The shelf break (Figure 2.6C), showing some faunal affinities with the Norvegia shelf by a
common presence of the less dominating Nudora, Chromadorita, Draconema, Metadesmolaimus
and Pandolaimus and having highly similar dominant genera as the upper slope, was composed
of two stations (K4, HO) with very different genus composition (also visible in CCA). Shared
genera were the dominants in figure 2.6C (Sabatieria, Monhystera, Dichromadora,
Acantholaimus, Molgolaimus) and the less common Paracanthonchus, Daptonema, Leptolaimus,
Desmodora, Camacolaimus, and the indicator Cephalanticoma. Specific assemblages of
Draconema, Eumorpholaimus, Chromadorina, Belbolla, Fenestrolaimus, Phanoderma and
Richtersia, however, typified only station H6.
The preferential uoper slooe genera (from TWINSPAN) included the dominant ones in figure
2.6D, and the lesser abundant lxonema, Dichromadora, Metadasynemella, Acantholaimus,
Rhynchonema, Paramesonchium, Spirobolbolaimus, Chaetonema, Halanonchus, Coninckia,
Trochamus, Rhips, Setosabatieria, Valvaelaimus and Pontonema (mainly Monoposthiidae,
Siphonolaimidae, Pandolaimidae and Enchelididae). Chaetonema was spatially restricted to the
upper slope, whereas Halichoanolafinus was completely absent (indicator species at the first
division in TW|NSPAN-presence/absence analysis).
Finalfy, the downslooe nematodes belonged to the dominant epistrate feeding Microlaimus,
Dichromadora and Acantholaimus, and to the co-dominant Monhystera, Theristus, Leptolaimus,
Daptonema and the rare Batheurystomina (mainly Chromadoridae, Microlaimidae and
Xyalidae)(Figure 2.6E).
Genus richness measures (N0, EG100, H') steadily indicated the upper slope (H7,8,9) and shelf
break (K4, H6) as most diverse sites. Differences were, however, not significant (Kruskal-Wallis
for the indicated diversity indices between all subregions, p > .05; U-test between Halley shelf
and shelf break indices, p < .05; U-test between Halley shelf and upper slope indices, p < .05, all
other combinations, p > .05). Trophic diversity was lowest downslope (Fig 2.6E) and was so
mainly as a consequence of the dominance of the epistratum feeders. Trophic diversity was only
significant different between the Halley shelf and shelf break, p < .05).
The Norvegia shelf and shelf break contained highest juvenile numbers, and the shelf break
comprised relatively more predators.
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Flgure 2.6.: Cunpaison on a subrcgiona/ scare of the nematode assernb/ages in the Weddell Sea (gnoups agree with the
TVflNSPAN clusters). Ranked in order of impoftance the genera rcpresenting on average af /easf 50,6 of the subregional
poplation werc shwn (each dot ,epresenfs fhe rclative abundance of the genus per station); tro$nc and age composition
were calculated as averages of the cunposing sfafons; divercity indices give mean t standard deviation. K1, K5 and H10
were not included as to their unstable positbn in muftivaiate outputs.
2.4. Discussion.
2.1.1. Comparison with nematode communities worldwide.
In our attempt to compare the results with literature (de Bov6e 1987; Dinet & Vivier 1979;
Jensen 1988, 1992; Renaud-Momant & Gourbault 1990; Rutgers van der Loeff & Lavaleye 19E6;
Thistle & Sherman 19E5; Tietjen 1971, 1976, 1984, 1989; Vivier 197E a,b), we were confronted
with the fact that major interest went to hadal and abyssal depths and only a limited set of papers
dealt with nematode zonation along the ocean margin (Soetaert ef aI1995; Vanaverbeke et al.
subm, in press).
Striking was that, on the one hand, the genera Sabatieria, Microlaimus, Monhystera, Daptonema,
Leptolaimus and Acantholaimus and families Chromadoridae, Comesomatidae, Microlaimidae,
Monhysteridae and Xyalidae from the high Antarctic Weddell Sea were shared among vast areas
along shelves and slopes. The 10 most dominant families and 16 of the 23 genera with
abundances higher than 1olo in the Weddell Sea agreed with other deepsea nematode
assemblages in the Atlantic, Meditenanean and Arctic sectors. This is not only in agreement with
what was noted before for the Atlantic and Mediterranean Oietjen 1989; Vincx ef a/. 1994) but
also stresses the broad geographical and latitudinal distribution of selected taxa, spanning an
area from north to south.
Cosmopolitanism and eurybathy was found for several meiofaunal taxa (Nematoda: Vincx ef aL
1990; Copepoda: Hicks & Coull 1983; Gastrotricha: Todaro ef a/.1996). Dispersal mechanisms
such as vertical transport of sediments down the shelf to greater depths and accompanying
horizontal movements by near-bottom currents in the nepheloid bottom layer must have enabled
meiofauna to reach suitable habitats in geographically distant areas of the deep sea. Such
mechanism, inespective of physiological baniers of sudden temperature, oxygen and salinity
changes was also proposed to explain the widespread distribution pattems of deepsea
nematodes, unlike the absence of pelagic larval stages and limited swimming ability of adults(Iietjen 1989; Jensen 1988, 1992; Thistle & Sherman 1985). The shelf and slope of the Weddell
Sea connect with the deep Atlantic Ocean, hence enabling deepsea dispersion. Furthermore,
the Scotia Arc (island chain form South America to the Antarctic Peninsula) may have facilitated
deepsea immigration as well (Knox 1994). Evidence has, however, aocumulated that the
Southem Ocean shallow marine fauna evolved already since the Cretaceous or even earlier
when the continents were still connected. As a consequence of isolation (continental drift,
temperature drop, circum-Antarctic current systems, etc..), Antarctic fauna today rather evolved
a circumpolar (throughout the Antarctic, Magellanic and subAntarctic islands), circumantarc{ic
(throughout the Antarctic and Scotia Arc), or even endemic distribution both at the species and
generic scale (e.9. species endemism typically ranges between 57 and 95o/ol Qenus endemism
in, for example, isopods reaches 21o/o: reterences in Amtz & Gallardo 1994).
On the other hand, of the 23 genera present in numbers higher than 1olo in the Weddell Sea,
30olo w€re not found as abundant in the Atlantic (Vanaverbeke ef al. in gess), Arctic
(Vanaverbeke et al. suDm) and Meditenanean (Soetaert et al. 1995). They were Southemiella,
Paramonhystera, Gammarinema, Desmodora, Nudora, Paracanthonchus and Halichoanolaimus.
f n figure 2.7. a comparison was made by means of a TWINSPAN-analysis on published
nematode data of continuous zonations crossing shelf breaks, upper and deeper slopes. The
shelf stations were ignored as no real inner shelf exists in Antarctica (e.9. it is replaced by the
ice-shelQ and too few data were available from the transect studies. Thus, the 20 first ranked
genera (other counts were treated as zero values) along depth transects in the Meditenanean
Ligurian Sea (Soetaert ef al1995;280-1220 m;42-43'N 8-9"E), the North-East Atlantic Goban
Spur (Vanaverbeke et al. subm a;2O6-276O m;49-50'N 11-13'W), the Arctic Laptev Sea
(Vanaverbeke et al. subm b;230-3237m;77-79'N 114-122"E) and the Antarctic Weddell Sea
(this study; 492-2080m;71-75'N 12-30"W) were used. Remarkable was the clear-cut division into
the four geographical areas. Prominent taxa in the Weddell Sea such as Molgolaimus,
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Dichromadora and desmodorids were sparsely distributed in other transects. Only the
Meditenanean stations comprised similarly high quantities of the above mentioned genera,
hence grouping this region with the Antarctic and separating already in a first division from
Atlantic and Arctic sites.
Seemingly, generic similarity among nematodes at the continental margin was much less
pronounced as in deeper stations of the continental rise and abyssal plain, where a few genera
(usually Theristus, Acantholaimus + Spiliphera, Halalaimus, Desrnoscolex, Tricoma, Microlaimus,
Syringolaimus and Sphaerolaimus) dominated the assemblages (Iietjen 1989, Thistle &
Sherman 19E5, Vincx et al. 1994) leading to a clustering of all abyssal sites (Soetaert & Heip
1995) rather than grouping them on a geographical basis as was the case in the cunent
appraisal. Soft evidence for this finding was already given by the latter authors, though the lack
of sufficient data did not allow to give convincing proof. The most straightfonrard argument for
this feature has to be searched in the fact that environmental properties of the transition zones
connecting the shelves with the abyss are much more heterogeneous on a global scale than are
the deepsea sites stricto sensu. As a consequence of a less thick water column separating the
bathyal sediments from the surface, buffering of production, sedimentation and erosion is less
pronounced than in the abyss. Greater proximity to the continent, combined with steeper slopes
and intenser water column activity caused by boundary cunents conduct to a more pronounced
variability in the shallowest portion of the deep sea (Wilson & Hessler 1987).
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2.4.2. Comparison of diversity on a world-wide scale.
Deepsea, soft-sediment communities are known to be unexpectedly rich, and within the
deepsea meiofauna, high diversity was reported for foraminifers (Gooday 1986), for
harpacticoids (Coull 1972; Thistle 1983) and for nematodes (Iietjen 1976, 1984, 1989; Dinet &
Vivier 1979; Soetaerl et al. 1991; Vanreusel ef al 1992; Vanaverbeke et al.subm, rn press).
Although pioneer studies have long recognized that there exist clear latitudinal gradients in
species diversity, with a continuous decline in a poleward direction, today evidence suggests that
this holds only for specific taxa (Clarke 1992) and is obscure or non-existing in the shallow sea
(Gage 1996). Furthermore, Antarctic macrobenthic communities express a high diversity (Amtz
et al. 1994; Brey ef a/. 1994).
Comparing nematode data on ocean-wide scales is difficult, primarily because of the high
sample size dependence of many diversity indices (Soetaert ef al. 1991). Therefore we restricted
to the same depth transecl studies mentioned above (Figure 2.7.), which, except for the Atlantic,
used the same sample sizes (see N in lowermost columns). Yet, ranges of diversity (especially
genus richness measures Ns and EGroo) reached higher values in the Weddell Sea nematode
communities than in any other transect.
Diversity of the high Antarctic meiobenthos, as summarized by genus richness of nematodes,
seriously underestimates Weddell Sea diversity. Reasons for that are the constriction to one
taxon (that of the nemaiodes) and the lack of species data (species numbers in the deep sea
can reach a number of 35 per genus, Tietjen 1989). Furthermore, processing of 200 nematodes
per station (7300 specimens in total) is by far not enough to get a reasonable estimate for Hill's
No and Nr, but is acceptable for higher-leveled indices and for the Shannon-Wiener index
(Soetaert ef a/. 1991). Finally, it is often noted that diversity increases with depth (in general:
Gage & May 1993, for meiofauna: Coull 1972; Tietjen 1976; Dinet & Vivier 1979; Boucher &
Lambshead 1995). For example in the N Atlantic selected macrobenthic taxa exhibited a
parabolic pattem of diversity with maxima at intermediate depths (200e3000 m) and lesser
values on the continental shelf, upper slope (< 1000 m) and abyss (> 4000m) (Rex ef a/. 1993;
Paterson & Lambshead 1995).
ln the light of former comparison and these arguments the idea is emerging that meiobenthic
divesity might follow the usual trend of high diversity in Antarctic benthos.
2.t1.3. Regional, subregional variability and zonation of the nematode communities (the
scale of km to hundreds of km).
The distribution of the nematodes in regional (Kapp Norvegia, Halley Bay) and subregional
(five biocoenoses) communities demonstrated a change in percent composition of the dominant
genera and the establishment of habitat specific less common taxa. In the search for
environmental control it was already highlighted that depth per se had no significant effect
although it was indirectly active distinguishing between the several subregions and it might have
contributed to isobathic distribution patterns of single genera such as Batheurystomina, Theristus
and Acantholaimus (genera that were found from the shelf break on and in most cases
recognized as real deepsea colonizers) and Sabatieria (confined to less deep areas, often
related to anoxic mineralization pathways) (Soetaert & Heip 1995).
With 22o/o of the genera being significantly conelated with sediment granulometry, this factor was
the most important structuring force in the Weddell Sea, hence confirming many other studies on
nematode ecology (Heip ef al 1985). High abundances of Chromadoridae, Microlaimidae and
Desmodoridae indicated that most biotopes contained sandy substrates and related to pelagic
sedimentation events. The influence was most obvious by the separation of the upper slope due
to assemblages avoiding pellitic biotopes or 'prefening' the coarse, often gravelish sediments,
substratum type was even more pronounced on the diversity of the nematode communities.
Genus and trophic richness was higher with coarcer sediment texture and a negative conelation
existed with pellite content. This agreed with Snelgrove & Butman (1994) who denoted that
sandy habitats have a higher number of microhabitats, allowing a higher diversity compared to
clay-silt sediments.
Our results demonstrated also that 28 o/o of the genera were correlated with food. Trophic status,
although greatly structured by the epistratum feeding mode, was not conspicuously different in
this high Antarctic deepsea biotope when compared to other deep seas (Soetaert & Heip 1995).
The combination of sediment texture and food granulometry were, in changing relative
importance, at the base of subregional variability: Halley shelf- sediments were fine and rich in
fresh food, whereas downslope pellitic sediments contained reasonably high organic mafter and
baclerial concentrations; the coarse sediments on the upper slope were rich in silicate, and
consisted often of gravelish particles with higher concentrations of older detritus, a characteristic
even more pronounced on the shelf break and Norvegia shelf. Hence, the often gradual change
from coarser, food rich sediments in the shallow towads finer (often muddy), less trophically rich
bottoms in the deep sea, translated in a gradual replacement of epistrate to deposit feeders
(Heip ef a/. 1985, Vincx ef al. 1994, Soetaert & Heip 1995), was not found along the transects in
the Weddell Sea.
Deepsea nematode studies often united non-selective and selective deposit feeding into one
functional group. The resulting category grazing on bacteria, fungi and unicellular algae (Jensen
1987) predominated thus deepsea feeding life-styles (to more than 90o/o, Soetaert & Heip 1995).
Pooling might have ecological significance when comparing with other faunal assemblages but
masks adaptive features of the nematodes to certain environmental conditions.
An example is the prominenoe of epistrate feeders in downslope sediments of the Weddell Sea.
Epistrate feeders were similarly highly abundant in the Nonrvegian Sea (Jensen 1988), in
heterogeneous pelagic sediments of the Venezuela Basin (Iietjen 1984) and on the Hatteras
abyssal plain (l-ietjen 1989). They rasp off microbial coatings around foraminiferan tests, clumps
of bacteria and other organic particles from sediment grains ancl pierce or swallow entire
diatoms. However, the often high abundances of this nematode feeding group in deep sites
invoke otherfood supplements in theirdiet. According to Jensen (198E) & Tietjen (1984, 1989)
they were also related to planktonic foraminiferal deposition. In the Weddell Sea posilive
conelations were found with microbial (ATP) and protozoan biomass (flagellates). Protozoa are a
food source that has been underestimated up to now, but raised a separate group (ciliate
feeders) within the deposit feeders sensu Moens & Vincx (1997).
Selective deposit feeding or microvory was positively correlated with older material (with higher
C:N ratios) and dominated the Norvegia shelf and Halley upper slope. Supposedly, the ongoing
decomposition of organic matter was a substrate for the growth of many microorganisms (such
as bacteria, fungi) and therefore an attractive medium for selective microvores at these sites (the
highest C:N ratios were far below the threshold of 25 for biological mineralization and the food
requirements, C:N 17, for animals, Tyson 1995),
Non-selective deposit feeding, on the other hand, was related with fresh organic matter (CPE)
highly abundant on the Halley shelf. This trophic strategy, of which the prevailing occunence in
all habitats was often attributed to broad diets of different particle sizes (Wieser 1953), was
mainly constructed by diatoms feeders, and merely points to a higher primary productivity with
recent deposition, characteristic for the Halley shelf.
Hence, non-selectivity prevailed over selectivity in circumstances of excess fresh labile detritus,
whereas the contrary held in sediments where selectivity was needed for distinguishing between
particles in different stages of decomposition, the lafter generally characterizing fine-grained
deepsea sediments.
Natural-history and evidence for any dietary specialization of nematodes is very poor and lacking
in deep seas, and certainly not refined enough to explain food selection in more detail than is
stated above. An interesting example in the Weddell Sea was the high occunence of
spicule/debris rich sediments (see below). lmpossible to distinguish a trophic group with the
cunent approaches such biotopes must have lead to specific adaptations within the interstitial
fauna. Feeding on bryozoans has, for example, been noted for some oncholaimids by Stekhoven
(in Jensen 1987).
2.tl.tl. Features inducing variability of sediment texture and food.
One of the underlying characteristics points to productivity. Production in the pelagial and
delivery of food to the seabed have been pul several times as main factors influencing the size
and structure of the benthos (Pearson & Rosenberg 1987), and particularly the deepsea benthos(Ihiel 1975). The high standing stocks of meiofauna in the related study (Vanhove ef a/. 1995)
similarly supported the importance of overhead production reaching immense quantities during
the austral summer and competing with any region worldwide (lo 2342 mg C m-t d-' in the
coastal zone, Bathmann ef a/. 1991). lt was stated that, in the trace of the primary production and
subsequent sedimentation pulses during the austral summer, the benthos respond rapidly and
efficiently to the episodic food supply, characteristic for polar environments. The setilement of
large amounts of otganic matter from different origin (e.g. 1.5 o/o oJ depositing matter in traps
during the austral summer in the SE Weddell Sea is chl-a, 0.5 o/o POC, of which 60-g00/o
originates from faecal pellets from diatoms and protozoan heterotrophic flagellates, ciliates,
radiolarians and foraminifers, Ndthig 1988) might have led to the equat sharing of all feeding
categories resulting in high trophic diversity along the transects.
A second important environmental clue might have been the hydrodynamic regime. The Weddell
Sea gyre primarily demarcated the study area (Fahrbach ef al. 1992; Hellmer & Bersch 1985). In
the northernmost region, where the shelf was confined to a narrow strip of 60-65 km followed by
a steep slope (angle 12"), cold water masses from near the shelf ice mixed with Warm Deep
Water due to the influence of the strong Antarctic Coastal Cunent. Uprrelling phenomena were
reinforced by strong northeasterly wind gales predominating the environment prior to the
sampling period (Rohardt ef a/. 1990). In the southernmost area, two distinct water masses (e.g.
Eastern Shelf Water of -2"C to 500 m depth and Warm Deep Water of 0'C from 500-2000 m)
gave rise to a transition zone between the shelf and oceanic domain. A broad shelf (about 120
km) and more gentle downwad decline (slope angle 3') characterized the region.
Sediment-dwelling macrofauna are particularly vulnerable to such disturbance (references in
Gage 1996), and as the upper few mm of sediment may be completely stripped, it is expected
that nematodes might be impacted as well. The influence of hydrodynamics was indeed obvious
on the upper continental slope off Halley Bay, where high energetic conditions (cunent velocity
could be as high as 50 cm s-' along the eastem shelf, Bathmann ef a/. 1991) generated
circumstances of lateral advection and resuspension in which bedload transport prevented
sedimentation of finerfractions (Rabitti ef al 1990) and fresh phytodetritus (e.g.in H9 C:N ratios
were highest and CPE content was among the lowest). The sediments were scarce in macro-
infauna but supported discrete aggregations of porifers, holothurians and pycnogonids (Gal6ron
et a|.1992, Gerdes et a|.1992).
Meiofaunaf nematodes belonged to rare genera (examples were /xonema, Rhynchonema,
Metadasynemella, Paramesonchium, Spirobolbolaimus, Chaetonema, Halanonchus, Coninckia,
Trochamus, Rhtps, Sefosabafr'eria, Valvaelaimus and Pontonema) and excluded ubiquitous
genera such as Halichoanolaimus and Calomicrolaimus. A low affinity among the composing
stations characterized these habitats. Long tails (to feed toward the surface and to avoid
resuspension, Thistle & Sherman 1985), large body sizes and long setae (Tietjen 1976) were
thought to be morphological adaptations to living in high-energy biotopes and were also found in
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many of the fore-mentioned genera. Although such functional adaptations might be specific for
rigorous cunent regimes, we cannot prove the ecological significance; the more that these
hydrodynamically active biotopes had coarse-grained sediments. Adaptations of the kind
described above are then merely related to the substrate sfricfu senso, than to the high-energetic
feature of the environment (fhistle & Sherman 1985).
Energy flow regime positively influenced diversity as well (e.9. higher genus richness and trophic
diversity were encountered on the shelf break and upper slope). This contrasted observations of
depressed macrofaunal richness, as a consequence of reduced habitat heterogeneity in high
cunent energetic sites (Gage 1996), but agreed with meiofaunal copepod diversity at sites
marked by energetic hydrodynamics (Ihistle 19E3). Maybe the big suspension feeders in this
region, such as huge sponges (Amtz et al. 1994), futfilled a r6le as habitat stabilizers for the
meiofauna, by reducing sediment agitation, but then to a level that particle suspension was still
high enough to favour meiofaunal diversity maintenance.
Third, a characteristic macrofaunal assemblage with impoverished abundances and diversity,
defined as the Near lce'shelf Community (Gal6ron et al. 1992), draws the importance of ice-
related prooesses as agents for structuring Antarctic benthos at the stations Hl and H2. Also
Herman & Dahms (1992) recognized an assemblage within the higher meiofauna taxa close to
the shelf-ice. However, although the stations were in comrnon with those in the macrobenthic
studies, the same communities prevailed also deeper down (at H4 and H5), a feature that came
back in the Halley Bay-Kapp Norvegia comparison by Vanhove ef a/. (1995), and also within the
nematode genera in the cunent appraisal. Therefore it looked not as a characteristic ice-shelf
assemblage. We rather believe that similarity on the Halley shelf might have paralleled the
findings of Gal6ron et al. (1992) namely that of a "replicate' of the shelf ice fauna in similar
depths at grealer distance on the continental shelf. Such refuge fauna may have favoured
recolonization between glacial periods and this in cycles that lasted for the past two million years.
Such observations lead to an explanation for the eurybathic zonational pattems of many
macrobenthic animals (summarized by Brey et a/. 1996). But also here we have no hard
evidence as many nematode genera and families with eurybathic distributions in the Weddell
Sea proved to have an eurytopic distribution in many other geographical sites as well. Examples
were the Comesomatidae (Sabatieria), Xyalidae (Daptonema), Microlaimidae and
Chromadoridae.
A hummocky seabed morphology on the conlinental shelf indicated for considerable impact of
grounding icebergs in the eastem region of the Weddell Sea (Lien ef a/. 1989). The resulting
plough marks (with average widths of 30-70 m and depths of 30 m) characterized the ice-rafied
sediments as poorly sorted sands with many gravels and pebbles. In localities where the physical
compaction was high, variations in grain size distribution lead to a down-core trend of increasing
sediment density and decreasing water content (personal observation). ln situ surveys
demonstrated that iceberg grounding caused considerable damage to macrobenthic communities
in Kapp Norvegia, affecting on spatial scales from tens of meters to many kilometers (Gutt ef a/.
1996). Similarly, the studies of Gal6ron et al. (1992), paralleling our investigations, indicated that
the macrofaunal composition in all stations close to.the ice edge were grouped due to reduced
richness but similar composition, explained by the more frequent disturbance of this area by
iceberg scouring and consequently the shorter time of existence of the community. This
contrasted somewhat to our observations as trophic composition and diversity were highly similar
between the Halley and Norvegia shelf. We have no certainty that sampling directly hit an
iceberg scour, but with the background of high glacial disturbance in the area and with the finding
of elevated gravel concentrations for example in K3 and K4, it is suggestive that some kind of
response to iceberg activity was present. The translation into higher genus numbers and morejuveniles in relation to nematode communities at similar depth in Haltey Bay, could then merely
direct to an ongoing recolonization process (Peck ef al. subm).
Hydrodynamics and/or ice-beq related processes might have been at the origin of unstable
positioning of the shelf break in multivariate outputs. Having faunal affinities with the shelf break
in the NE Atlantic (e.9. Sabatieria, Daptonema, Acantholaimus, Richtersia and SefosaDatieria
were afso found by Vanreusel et al. 1992 and Soetaert ef al. 1995), the heterogeneous sediments
contained the highest amounts of juveniles and were colonized by assemblages with the highest
divesity. Of interest was also the greater proportion of predators (guts of Halichoanolaimus and
Gammanema included undigested sclerotized elements of nematode copulatory apparatus of
Desmodorella substantiating the predatory nature). Such characteristic has also been found in
Meditenanean canyons and was aftributed to the presence of labile organic matter (Soetaert ef
a/. 1995). Station H6 must, indeed, have received high amounts of fresh deposits (low C:N ratio,
high CPE, high ATP), supported by dominances of Sabatieria, which is often associated with
anoxic mineralization pathways (same authos). The particular features in this station manifested
already at the meiofaunal taxon level, where a peculiar composition augmented the number of
taxa (Herman & Dahms 1992). Similarly, a distinct sponge association and high amounts of
bryozoans (Barthel & Gutt 1992, Gal6ron et a|.1992) were found at this site, giving origin to a
high diverse though low abundant macrofauna in the mixed substrates of gravel, sand, debris
and spicules.
Finally, as already invoked earlier (e.9. positive impact under high energetic conditions),
mesoscale variability within the nematode communities might also be derived from the type of
macrofaunal assemblages. The benthos on the shelf of the eastem Weddell Sea, with respect to
biomass and abundance, appears as a fairly rich fauna, with a considerable variability in the
small- and large-scale distributions (Gerdes et al. 1992). The Eastem Shelf Community is highly
diversified and dominated by suspension feeding sponges (Hexactinellida and Demospongia),
bryozoans, echinoderms, crinoids and ophiurids (Hain 1990, Gutt 1991, Gal6ron et al. 1992,
Hempel 1992). Many of these organisms produce thick mats of spicules and debris which may
locally be over 1 meter thick (Dayton 1990). The resulting biogenic sediments provide an
excellent substratum for different benthic oqanisms as they are composed of many interstitial
spaces Clyler 1995, Gerdes ef a/. 1992). Stations that were occupied by the Eastem Shelf
Community included allthese from Kapp Norvegia and the three upper slope stations off Halley
Bay (although the latter group was situated on the border of the Southem and Eastem Shelf
Community). The genus Molgolaimus seemed to discriminate for these environments, but many
other genera were also found in high numbers, hence giving rise to diverse nematode
assemblages. For example, K2-sediments were covered with thick spicule mats from
hexactineflid sponges (Boldrin, unpublished results). Molgolaimus, Sabatieria, Leptolaimus,
Dichromadora, Desmodora and Cervonema typified the communities and second highest genus
and family numbers were found at this site.
The fauna on the Halley shelf might have been part of what Voss described as the Southem
Shelf Community, harboring a more diverse group of motile pycnogonids, echinoids, asteroids,
hofothurians, peracarids, polychaetes and shrimps (Gal6ron et al. 1992). We could not clearly
define a specific assemblage in this region, but nematode genera that easily adapted to the
patchy distribution of this macrofauna -many of them being bunowers- must have colonized
these sediments.
Although the pooled X2- tests proved for a great sampling accuracy with a random
distribution of the nematodes among the replicates, a high degree of aggregation (-90 o/o) in the
genus numbers between the stations of the entire Weddell Sea paralleled high variation in
trophic structure and life history of the assemblages (e.9. variance:mean ratios illustrated often
considerable amount of natural between-core variability for juveniles, females, deposit and
epistratum feedes).
Furthermore, diversity indices often varied considerably among the stations within the
subregional biocoenoses, and k-dominance and genus distribution curves of the various stations
interspersed within the subregions. Patchiness in nematode communities is a common
phenomenon in all kinds of habitats (Heip ef af. 1985) and variability on a small scale is also
apparent in deepsea meiofauna (Ihistle 197E; Thiel 1983; Eckman & Thistle 19E8), though
differences on a cm-scale (between replicate samples) are only minimal compared to km-scale
(between stations) (Li ef a/. 1997). Similar mechanisms, as those mentioned in the paragraphs
above were here acting, though on a much lower area. The complex of environmental properties
such as sediment texture, microbial presence, food content and individual macrofaunal tubes
and bunows might have created an intricate mosaic of local patches leading to this small-scale
variability.
2.t1.6. Application of theories to summarize the impact of ecosystem functioning in the
Weddell Sea on biological diversity and distibution of the nematode assemblages.
A body of literature has arisen with mechanisms that regulate diversity pattems in the
deep sea biota (see most recent review of Gage 1996). The co-odinate of most theories, the
Stability-Time Hypothesis of Sanders (1968) will be used as starting point to discuss observed
pattems in nematode diversity on a global, regional, subregional and small scale in the Weddell
Sea.
Briefly, this concept states 'Biologically accommodated communities resufting ftom past biological
interactions, including competition, are realized in physically stable environments of long temporal
continuity. The potentials of spatial heterogeneity can be achieved only under fhese same
environmental conditions. ln environments harboring physically controlled communities fhe
fiysical conditions fluctuate widely and the animals are exposed to severe physiologicalsfress.
Physical instability in an environment prevents the establishment of diverse communities'.
Given the extreme climate conditions in Antarctica it is perhaps not surprising that much of the
biology of the marine organisms has been ascribed directly to the effect of low temperature. But
they are not explicitly a banier for deepsea organisms as temperatures do not differ significantly
between the oceans (Clarke 198E). Therefore it is doubtful that temperature in itself had a
significant contribution to elevation of nematode diversity in the Antarctic Weddell Sea
compared to the other geographical areas. One of the many features, however, distinguishing
Antarctica from major other continents is the quatemary glaciation (Amtz et al. 1994). Only in
north-polar marine environments glaciation was as extensive, conducting to a belief that both
regions must have developed similar speciation. However, genus richness of the nematodes was
distinctly higher in the Antarctic than in the Arc{ic (Jivaluk 1993; Vanaverbeke et al. subm). Such
observation was already forthcoming in several macrobenthic taxa and was explained by the
unique history of the Antarctic. Higher age and longer isolation must have enabled a highly
diverse fauna to evolve (Brey ef a/. 1994).
Productivity might also have added to the difference between these two cold environments, as
diversity, to a certain elctent, increases with higher productivity (cf. productivity theory of Connell
& Orias, reference in Sanders 1968). lt was already stated earlier that primary production along
the Antarctic continent can reach extremely high figures. ln the Arctic, although being very low
on an annual base (10 gC m'' y-', Pfannkuche g inlet 1987), plmqry produ&ion alJo reaches
high values following the retreat of the ice edge (to 1000 mg C m-' d-', same authors). Still this is
Dcnth varialion wilhin nametdc aeeamhlaae F2
less than half of what can be expected in the Weddell Sea. The difference between these two
regions cannot solely be at the origin of the observations, but sedimentation, horizontal
advection, bioturbation, spatial heterogeneity and many other factors will have contributed as
well.
Undoubtedly the nematode communities in the Weddell Sea can be classified between the two
extreme hypothetical categories of phvsicallv disturbed against biolooicallv accommodated
communities of Sanders as follows:
(1) Populations in the physically stressed and unpredictable environments of the shelf off Kapp
Norvegia (e.9. large-scale disturbance by iceberg activity) appear to have a broad adaptation to
these conditions by maintaining a high degree of variability of opportunistic organisms (such as
Molgolaimus and Microlaimus in the cunent study).
(2) Habitats on the Halley shelf and downslope were composed of fine sediments, rich in fresh
food, harboring 'stable' nematode communities with a high affinity among the composing
localities. The ryalid Daptonema was preferably found in such calm conditions. Diversity was still
-though not distinc{ly- high and maintained by sporadic, small-scale, discrete disturbance events
occuning against a background of relative constancy (Grassle & Morce-Porteous 1987).
Community members must have specialized morphological adaptations or well{efined niches
such that competition and predation are minimized. For example Acantholaimus species have
very different types of mouth openings and buccal cavities indicating food resource partitioning
in the upper sediment (Jensen 19E8; Soetaert et a|.1995). Sabatieia, on the other hand, merely
exhibits a vertical repailition so that species with similar food requirements and feeding behavior
can co-exist in the same locality (Soetaert et al. 1995; Vanaverbeke et al. in press).(3) The shelf break and upper slope were the most marked zoogeographical boundaries
encountered along the transects. Dictated by very rapid and pronounced faunal changes with low
affinity among the composing communities, the nematodes showed elevated diversity values
and juvenile numbers. Having the common denominator disturbance (e.g. either by
hydrodynamics or by iceberg activity) the shelf break and upper slope communities were
conceivably more physically controlled.
In summary, the nematode communities in the Weddell Sea can be regarded as assemblages
situated at some stage between biologically and physically controlled communities. However, the
essence of Sanders theory is that long term environmental predic{ability has allowed a
differentiation of many non-overlapping niches to develop in which many competitive species
can co-occur. We agree that the factor'long tempralcontinuit/ (or predictability) is the ultimate
base for diversity maintenance but we want to nuanoe the saying that ttre potentiats of spatial
heterogeneity can be achieved only under fhese same environmental conditions. Physical
instability in an environment prevents the establishment of diverse communities'.
The theme of natural disturbance, as proposed by Dayton & Hessler (1972), should receive
therefore more attention. Although this theory ('High diversity in the stable deepsea environment
is allowed by predictable disturbance by the croppers, which reduces the importance of
competitive exclusion and thus allows the continued coexistence of many species which share
the same resources) advanced to explain high diversity in the context of resource partitioning in
a low food environment (cf the deep sea), it sets forward that patterns of natural disturbance
reduce the effects of competition.
Depending on the degree of disturbance, a more or less diverse fauna is developing. Small-scale
disturbance against a background of relative constancy creates then elevated microhabitat
heterogeneity in which many species co-exist. Larger scale disturbance, in contrast, can
defaunate the affected habitat entirely, so that a complete recolonization is needed (cf. tn
environments harboring physically controlled communities the physical conditions fluctuate widely
and the animals are exposed to severe physiological sfress. Physical instabitity in an environment
gevents the establishment of diverse communities).
diversity in the Weddell Sea. Translated, for example, to the effect of iceberg scouring, present-
day nematode diversity in affected regions is the result of severe iceberg activity, where no
fauna survived the catastrophic disruption, and smaller disturbances (for example trampling of
iceberg), where repeated small-scale patch mosaics in the biotope favour diversity maintenance.
This approach was applied for explaining the finding of high patchiness and the mosaic of
different successional stages (e.9. from recently disturbed to climax fauna) in sponge
communities within the nanow shelf of the Weddell Sea (pers. comm.).
Lambshead & Hodda seeked to deduce the impact of disturbance by analyzing variance to mean
ratios in the distribution pattems of nematode populations (1994). Conducting the method to our
datasets (as was done in Table 7) we found in descending order of percentage aggregation:
Halley shelf (42 o/o), Norvegia shelf (38 %), shelf break (33o/o), upper slope (27olo) and downslope
(20o/o). Following then the reasoning of these authors the high percentage aggregation on the
Halley shelf could have been the result of biogenic disturbance from macrofaunal bunowers
against a background of high productivity (cf. their STD site), whereas the comparable
downslope communities agreed more with the physically undisturbed MAP-area. The latter sites
experienced much less bioturbation activity due to lower concentrations of infaunal worms(Gerdes et al. 1992). Norvegia shelf, shelf break and upper slope must have experienced
different intensity of disturbance, leading to a homogenization of environmental patches, hence
grad ually reducing faunal aggregation (Grassle 1 989).
Pasting the three approaches the following characterization of the biocoenoses can be done: 1)
Hallev shelf: biologically controlled with highest percentage aggregation and lower diversity,
maintained by sporadic, small-scale, discrete disturbances by macro-infauna against a
background of a relatively constant high productivity; 2) downslope: biologically controlled with
lowest percentage aggregation and lower diversity, maintained by reduced disturbances against
a relatively constant environment; 3) Norveoia shelf: physically controlled with high levels of
aggregation and elevated diversity, impacted by iceberg-aciivity; 4) shelf break: physically
controlled with intermediate low aggregation and highest diversity, environmental disturbance
was high; 5) uooer slooe: physically controlled with lowest levels of aggregation and highest
diversity, substantial broadscale disturbance was induced by cunent regime.
Hence, the factors influencing diversity in the nematode assemblages of the Weddell Sea
included climate (temperature), time (history), productivity, environmental stability, physical
disturbance and spatial heterogeneity. In this approach we have much less, or not, been
concemed with the possible biological control (e.9. competition, predation, etc.) and we are
aware that we have taken a rather simple position to explain diversity.
2.5. Conclusive remarks.
Antarctic nematodes, in many ways, have elements in common with other communities along
the continental margin, but typical polar conditions added to a slight shift in nematode features,
in some instances drifting away from general pattems in other deep seas. However, the limitation
of insufficient data to generalize our statements have to be bome in mind. Convincing evidence
can for example only be reached after downloading the study to the species level. At least our
results permit to state that we succeeded in our attempt to 1) deliver an extensive first database
on nematode distribution in the high Antarctic, 2) integrate meio- and macrofaunal findings, 3)
relate observations to different spatial scales, and finally 4) apply theoretical considerations from
literature.
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CHAPTER 3.
On the vertical distribution of the Antarctic meiofauna in the
sediment profile along the Weddell shelf /slope
3.1. lntoduction.
Previous essays on the structure of the meiofauna in the Wedctell illustrated the
high importance of this benthic group compared to major deepsea assemblages in the world
(Herman & Dahms 1992,Vanhove et al. 1995, Vanhove ef al. subm.). At Kapp Norvegia, in
particular, meiofaunal standing stock averaged at 2000 individuals and 0.5 g dry weight per 10
cm2 with a high dominance of nematodes (ranging between 83-97o/o). A distinct separation
between communities opposing the shelf break with high abundance, biomass and diversity on
the shelf and relatively lower values on the slope was observed (Vanhove ef a/. 1995).
The spatial structure of meiofaunal communities in soft sediments has been studied by various
investigators for years, providing interpretations of their ultimate dependence on benthic surface
conditions (Giere 1993). Pattems appeared to be strongly conelated with the oxygen and organic
matter concentrations in the sediment. Similarly, in nearshore shallow Antarctic waters the
distribution of meiofauna and nematode characleristics was sharply driven by a biogeochemical
zonation within the substrate (Vanhove et al., in press). For the deepsea environment 40 to 50
o/o of the metazoan meiofauna was retrieved from the top centimeter of the sediment, but many
organisms happened to occur at depths of 10 cm as well (see most recent revlew by Vincx ef a/.
1994). ln addition, vertical segregation in size dimensions and buccal morphology of the
nematodes explained the coexistence of related taxa in the subsequent layers (Soetaert & Heip
1989, Soetaert ef a/. 1995). Factors promoting vertical gradients in deepsea bottoms were
linked with sediment sensu sticto, food availability and/or oxygen status (Thiel 1983,
Lambshead ef a/, 1995, Shirayama & Horikoshi 1982, Carman et al. 1987, Vanreusel ef al
1995a,b).
The puroose of this oaper is to detect trends in vertical zonation in abundance and biomass of
the meiofauna and in diversity, genus and trophic composition of the nematodes at stations on
the upper and lower side of the shelf break.
3.2. Material and methods.
Four stations were sampled during the austral summer in the frame of the third leg of the
European Polarstem Stucly (EPOS K2, K3, K5, KO). The study site was situated at the
continental margin off Kapp Norvegia (WeddellSea) at depths between 405 and 2080 m (Figure
3.1., Table 3.1.). Meiobenthic samples for vertical distribution were obtained by forcing a hand
core (3.6 cm diameter) into boxes from a multiboxcorer (MG) or multicorer (MUC). Hence, each
of two replicates per station originated from a separate box or core of the device (sampling
scheme cf. Dahms et al. 1990). Slicing was done per cm in the upper 5 centimeters; the
subsequent 5 centimeters were treated as one bulk slice (5-10 cm). Samples were preserved in a
warm 4o/o formaldehyde solution.
The procedure for organism processing was described in Herman & Dahms (1992) and Vanhove
ef al. (1995). In short, a 38 pm sieve was used; after counting the meiofaunaltaxa, a random set
of 100 nematodes from each slice sample was mounted in glycerin slides (Seinhorst 1959); when
less nematodes were encountered, all specimens were collected. ldentification to genus level
(Platt 1985, Bussau 1993, Gourbault & Boucher 1981, Soetaert & Vincx 1988). As nematodes
from deep seas and in particular the Southem Ocean are very poorly described, no attempt was
done to identify the nematodes to species level.
SHELF-ICE coilnr€NTA coAsTLll€ </ cL ictER
Figure 3.1.: Map showing the four study sites in the Weddeil Sea off Kapp Norve{ia.
The nematodes were then classified in trophic groups following the commonly used feeding
types 1A (selective deposit feeders), 1B (non-selective deposit feeders), 2A (epistratum feeders)
and 28 (omnivores/predators) (Wieser 1953). The size (length and width) of each nematode
specimen was measured to calculate volume and biomass dimensions with the adjusted method
of Andrassy (Soetaert 1989):
dry weight = (W2*L*1.13*0.25)/1.9
: maximum body width
body lengthL: D O lr$n
1.9: empirical value
Ll3: specific gravity
25: dryiwet weight ratio
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Table 3.1.: Station lbt: Station numbers are rcspectively adapted from Vanhove et at. (1995) and Amtz et al. (1990); MG:
muftiboxcore r M U C : mufticore r.
ATION
original EX)S number
277
E
294
POSITION
71"39,8'S 012'34,9 "W
71"29,3 "S 012"32,1 "W
71"06,2 "S 013'03,9'W
71"07,9 "S 013"49,1 'W
DEPTH GEAR
405 m MG
537 m MG
1199 m MUC
2080 m MUC
DATE
16.02.89
17.02.89
20.02.89
21.02.89
The environment was monitored by other participants of the multidisciplinary research group on
the cruise. For the methods used the reader is referred to Amtz ef a/. 1990.
In short (Table 3.2.), the sediments consisted of silty sands in K2 (405 m), K3 (537 m) and K5(1199 m) and sandy silts in KO (2080 m), with the finersilt and clay fractions and porosity being
progressively more important with water and sediment depth. Organic food (org. C and N)
showed no obvious trend with depth, but higher C/N ratios indicated that organic matter was
relatively older at K5. Although redox values (indicated by En) declined with sediment depth, the
chemical status in the deepest layers was still highly oxidative in all samples. Most
environmental variables were significant conelated with sediment depth (Spearman rank, p <
.05).
Table 3.2: Environmental characteistics at the four study srfes af Kapp Norvegia. For methods see Amtz et al. 1gg0
gravel: >2 mm very coarse sand: 2-1 mm sand. 1€.O63 mm silt: 0.063-O.@4 mm
"pellite =silt + clayoused 
as biomass estimate of bacteria in the sediment
clay:O.64-O.0ffi mm
K2 (silty sand) K3 (silty sand) K5 (sitty sand) K6 (sandy sitt)
cm 0-l 1-5 5-10 0-l l-5 5-10 0-1 i-S S-i0 0-t l-S S-i0
Gravel(%) | 20 10.3
Very coarse sand (%) | 16.0 15.9
Sand (%) | 63.7 59.7
sirt (%) | 30.4 32.5(%l lse 7.8
Pellite' (%) | so.s 40.3
Porosity (06) | 62.9 58.6
lY,l | 0.47 c.53(%) | 0.06 0.06
:N | 8.4 9.2
-a 1pg cm'2) | o +
(rc crn") | 4.3
TPblmgm'2; loa 1.9(rrM) | 334.1
-P(rrM) | 16.e
-N(pM) | o u
-N(uM) | 40.8
Eh (mV) | 506 313
37.0
11.6
49.6
34.5
9.5
60.5
33.0
6.5
39.5
63.4
0.68
0.07
9.3
4.1
17.2 13.0
11.3 11.0
53.4 52.9
32.7 26.6
13.9 20.6
46.6 47.1
60.4 56.7
0.24 0.21
o.o2 0.o2
11.5 10.7
nn
3.5
0.9 1.6
297.2
6.4
0.9
13.2
479 359
0.5
0.5 0.4
334.9
8.1
2.O
12.9
325 403
0.9 0.1
267.9
6.9
0.3
6't 0
391 303
8.6 2.7 0.3 0.9
8.5 2.6 1.6 0.7
36.4 28.3 26.6 14.1
56.1 55.9
15.6 17.5
71.7 73.4
57.4 79.4 71.8 48.4
0.29 0.49 0.51 0.39
o.o2 0.07 0.06 0.05
13.2 7.3 8.0 8.4
0.0
40.7
0.59
0.07
8.6
0.3
276.5
4.4
0.9
12.0
88
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Kruskal Wallis ANOVA (H and median test) (Siegel 1956) was performed on a number of
variables to look respectively for significant differences between the stations. Meiofaunal
variables were significantly conelated with the depth of the sediment slices (Spearman Rank, p<
.05). Therefore the cunent approach can not be used adequately for environmental impact
studies.
Hill's diversity numbers were calculated from the nematode genus composition of non-
standardized sample sizes to describe the diversity of the nematode communities: N6 (number
of genera), Nr = EXP(H'*ln2) with H': Shannon Wieners diversity index, Nz = 1/D with D
Simpsons dominance index, and Ninr = the inverse of the proportional abundance of the most
common genus (Hill 1973).
3.3. Results.
For the classification of the genera see appendix 1
For raw data set see appendix 4
3.3.1. Abundance and biomass.
Abundance of total metazoan meiofauna at the four sampling stations varied from 861
ind. 10 cm'2 lsta K5) to 7237 ind.10 cm-2 (sta K3) and totat biomasJrrom 179 ug dwr';o ;-i(Sta K5) to 1437 pg drM 10 cm-2 (Sta K3). Nematodes, harpacticoid copipoOs (adufts+
copepodites+ nauplii), polychaetes and kinorhynchs together contributed on average ggo/o of the
total metazoan meiobenthos (l-able 3.3.). The remaining taxa were mostly turbellarians, rotifers,
loricifers, oligochaetes, tardigrades, ostracods a nd j uvenile bivalves.
3-4 4-5 5-10
Sediment depth (cm)
FIgurc 3.2.: Cumulative density percentagte curues of the depth penetration of meiofauna in the sediment profCes at the four
sfalbns off Kapp Norvegia
In terms of vertical distribution, densities of the total meiobenthos were highest in the upper layer
reaching 56 o/o of the total population in Sta K6 (Figure 3.2.), though at K3 and K5 retative
abundances below the surface layer were still on average respectively 14 and 16 o/o per slice
down to 10 cm depth. Total nematode density and biomass values were much higher on the
shelf (sta K2 and K3) compared to the slope (sta K5 and K6) (Kruskal wailis, p < .001).
Individual length (median over all measurements: 0.632-1.016 mm; mean: 0.790-1.150 mm)
showed that nematodes had a longer habitus towads deeper horizons (Figure 3.3.), except for
Sta K5. The lowermost sediment layers (5-10 cm) considered were not responding tothis trend.
100(l)
oF80E5oo
-o140(s
F20
0
2-31-20-1
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Table 3.3.: Absdute numbers of the major taxa and relative abundances of the remaining taxa; total numbers and total
b,bmass. Counts are neans of two reflicates with a core of 10 cmz each (t 1 standard deviation for total density ancl
0-1 cm 1-2cm 2.3cm 3.4cm 4-5cm 5-10cm
0-1 cm 1-2 cm 23 cm 3.4 cm 4-5 cm 5-10
1388 708
78 10
109 9
168
425
1.5 1.0
1388 78
508.4 129.4
326 208
33.8 27.5
321 186
52
51
31
10
2.6 2.3
321 186
74.2 99.7
144 79
137.7 92j
146 168
o2
o4
12
01
o.7 3.8
146 168
173.9
52 61
42.1
1831 1740 1752 994 261 405
52143311
4n84301
1398130
46133100
0.8 0.4 0.0 0.3 0.8 0.5
1831 1740 1752 994 261 40s
549.4 1024.6 1079.0 912.9 m.6
... 317 32. 305 92 179
1@.2 274.4 154.3 2't3.1 61.5
0-1 cm 1-2cm 2€cm 3.4cm 4-5cm 5-10
157 138 141
411
110
100
001
0.6 0.4 0.3
157 138 '141
203.6 15't.3 98.3
37 43 30
47.5 43.3 14.4
100 90 216
210
10'l
140
000
0.5 0.5 0.0
100 90 216
8.1 24.7 1Q2.5
20 17 32
't2.7 4.7 15.4
0-1 cm 1-2 cm 2-3 cm 3-4 cm 4-5 cm 5-10 cm
732 346 1U 37
18 4 1 1
5210
0000
7100
0.6 0.1 0.0 1.3
732 346 1U 37
2@.0 93.3 8.7 37.5
78 58 27 11
14.8 3.8 235 10.9
49 't6
30
00
00
00
0.0 0.0
49 16
10.6 2.1
81
3.6 0.5
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Flgure 3.3.: Lengttr dsiibution of the nematodes in the sediment prcifiels af Kap Nowqia (each vdue raprosenis the npan
!gandard enud appoximataly 1@ rneest/?,t7F/n6,).
3.3.2. Faunal composition.
84 nematode genera were found (table 3.4.1. Molgolaimus and Sabatieria together 42 06
of the total nematode population and occuned in high percentages in Sta K3 (52 oA) and K5 (58
o/o) (Figure 3.4.). fn the deepermost station (KB) many other genera, such as Dichromadon (on
avenage 12oh), Microlaimus (9%), Monhystera (801o), Acartholaimus Qo/o, not presented) and
Leptolaimus (606, not presented), frequently represented the total population as well. Sabatbria
stilf occuned in high abundances (11%) at this site, but Mopolaimus was on average only for 5olo
presented.
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Table 3.1.: Trophic guilds and overaf, rdative abundances of the genere ovsr the four sfa0ons at Kapp Noveda. Feeding
typas used are 1A: selective deposit feeders; 18: non-selective deposit feeders; 2A: efistlate feeders; 28:
predators/unnivores (Wteser 1 953).
1A 18 2A 2B
otal o/o 4s.o 27.6 25.0 2.8
mber of genera 32 21 22 9
Mdgolaimus
Sabafeza
Micrdaimus
Elchrcmadon
Monhystera
Pandolaimus
LeNalaimus
Aegialoalaimus
Ceruonema
Desmodon
Halalaimus
Daptonema
Desmoscalex
Nudora
Paracanthonchus
%
1A 27.U
1B 14.72
2A 6.29
2A 5.8
18 3.45
18 3.27
1A 3.15
2A 2.U
1A 2.4
1A 2.4
?A 2.13
1A 1.S
1B 1.92
1A 1.@
?A 1.50
2A 1.47
18 1.92
1A O.S
28 0.87
2A 0.78
2A 0.75
18 O.@
2A 0.66
2A 0.63
1A 0.63
18 0.54
1A 0.54
2A 0.48
2A 0.48
PienicKa
Syingolaimus
Aponema
Metadasynemeila
Metasphaerdaimus
Therbtus
Prochromadoreila
Gammanema
Greefreila
Hapalunus
Paranticoma
Anticoma
Mesacanthion
Pareudesmoscdex
Sphaerolaimus
Elzalia
Pselionema
Weseia
Linhomoeus
Metadesmalaimus
Neotonchus
Utinium
Metafrnhomoeus
Alaimeila
Minolaimus
Nemanema
Paralinhomoeus
Rtips
Arnmotheistus
%
1B 0.45
28 0.45
1A O.42
1A O.42
28 O.42
18 O.42
2A O.€
28 0.36
1A 0.36
1A 0.33
2A 0.33
1A O.O
28 O.S
1A O.S
28 O.27
18 O.21
1A O.21
1A O.2'.1
2A 0.18
tB 0.18
2A 0.18
1A 0.15
1B 0.15
1A O.12
1A O.12
1A O.12
18 O.12
2A O.12
18 O.@
%
18 O.€
2A O.@
1A O.@
18 O.@
1A O.(B
2A O.(B
1A O.@
1A O.(B
18 0.06
18 0.06
2A 0.06
1A 0.06
28 0.06
1A 0.06
18 O.G
2A 0.6
1A(?) 0.6
1A O.B
1A O.B
28 O.G
18 O.@
?A O.(B
tA 0.6
1A O.B
18 0.6
28 O.B
Axonolaimus
Chmnadora
Dif,opelkides
Gammainema
Linhystera
Longjcyathdaimus
Taruaia
Ticoma
Diplolainella
Odontophora
P a r a I on gicy ath ol a i m u s
Rhabdocoma
Rhabdodemanie
Thalassoalaimus
Anticyathus
Cephalantboma
Chitwodia
Etisconema
Draconema
Enopldaimus
Megadesmolaimus
Nannolaimcides
Nanndaimus
Quadricoma
Rhynchonema
Viscosla
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Pattems vertically into the sediment showed that the intermecliate levels (mainly 3-5 cm) were
populated by dominant populations ot Molgolaimus and Sabafiena (Figure 3.4.). This was
especiaffy so for Sta K5 where Molgolaimus numbers amounted to almost 600/o of the nematode
community in the 3-4 cm-slice.
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Flgure 3.1.: Percentage cunpaison of the nematde genera in th6 sediment profiles of Kapp Norvegia. Only the S nrc,g(
abundant genen werc pesented.
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Figure 3.5., representing the contribution of each dominant genus per layer relatively to the
entire core, showed that Molgolaimus at all stations had subsurface maxima between 1 and 4
cm. The same held lor Sabatieria, but maxima were situated slightly deeper (e.9. 3-10 cm).
Dichromadora in Sta K2 and K6 and Acantholaimus in K6 colonized mainly the sediments just
befow the surface (1-2 cm), whereas Microlaimus, Monhystera and Leptolaimus percentages
declined almost continuously with depth, being mostly presented at the surface. The trends
within the uppermost four sediment layers of the cores were, however, only significant for
Monhystera (Median test, p = .005) and Dichromadora (Median test, p = .03).K2 60
40
s
20
0K3 60
40
s
20
40
s
20
0Ko 60
40
s
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Figure 3.5.: Veftical distibution paftems of the percentage composition of major genera (those with an overail relative
abundance of 5ot5 and more pr station).
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Apart from the predator9omnivores (28) all feeding categories were presented in high
abundances. Epistratum feeders were reletively more frequent in the uppermost two layers(mainfy due to Microlaimus, Acantholaimus and Dichromadora), whereas the non-selective
deposit feeders augmented downcore in proportion to the other trophic guilds (mainly due lo
Sabatieria, Monhystera, Da$onema and Pandolaimus) (Figure 3.6.). The selective and predating
feeding mode were associated with intermediate sediment layers, respectively due to
Molgolaimus and Aegialoalaimus for the lAgroup and Halichoanolaimus, Syingolaimus,
M et as ph aerol ai m u s, S ph aero lai m u s and G am manem a tor the 2B-g rou p.
ffiMotgolaimusW Leptolaimus
lMonhystera| | Sabattenbu Daptonema
$Micrctaimus
W,ri::"
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l:jlLeptolaimus
ElHatalaimus
flSabafr'ena
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I lMonhystera
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.x:::#:::
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Flgure 3.6.: Trophic comrosition of the nematodes in the sedmenb d Kapp Noruegia. Values arc avercSq percentages over
the four stations. The genera mantioned on top of eech Fie were thqse with average relative abundancss of af ,easf 2.5 % per
sl€tion for the fexlng guHs 1A, 18 and 2A. The 2B-nematodes had Frcenteges of at least 0.5%.
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Diversity pattems with depth (Figure 3.7.) were different for all stations. Sta. K2 was
chara€terized by a continuous decline of all diversity numberc (except for the number of genera,
Ne). Sta K3 and KG exhibited subsurface maxima at 1-2 cm and 2-3 cm, respectively. In Sta. K5
diversity was more or less similar at all depth layers. The described pattems were generally
consistent for all Hill's numbers and agreed with the obseruations in figure 4. The augmented
value in the deepest depth interval was due to the pooling of 5 subsequent centimeter layers.
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Figure 3.7.: DivercrU changes with depth for the four sfa0ons at Kapp Noruegja. The values represent the data d two
replicates (two separate dots pr sediment dep//r.) and the average of two ref,icatas (line in between). The diversity in1ces
used were Hiil's numberc.
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3.4. Discussion.
lntegrated whole-core density and biomass values calculated for the four sediments off
Kapp Norvegia reached hiqher levels compared to previous reports from this area, and therefore
with over 7200 ind. 10 cm-'augmented any other metazoan meiobenthos deepsea density (see
table in Vanhove ef a/. 1995 for comparison). The predominance of higher taxa such as
nematodes, harpacticoid copepods, polychaetes and kinorhynchs agrees with former
investigation in the southeastem WeddellSea (Vanhove et a|.1995).
High abundances of genera like Sabafieria, Molgolaimus and Microlaimus on the shelf, and
additionally Dichromadora on the slope, together with the observations of equal representation of
epistratum feeders and deposit feeders and the low contribution of predators/omnivores respond
to previous observations (Vanhove et al. subm.).
One of the basic characteristics of meiofauna distribution in the soft bottoms is given by their
high contagious dispersion (Giere 1993), a feature highly occuning in the prominent nematode
assemblages (Heip ef a/. 1985). Prime environmental regulators are generally situated in the
small-scale variability of sediment texture (Snelgrove & Butman 1994) and food content(Bfanchard 1990, Santoset al. 1995). As a consequence of these two environmental properties
and based on evidence provided by Herman & Dahms (1992) and by Vanhove et a/. (1995 and
subm) heterogeneity in the meiofaunal communities in the Weddell Sea was found on several
levels of organization and on different spatial scales. Similarly to what was shown in these
reports will be projected to vertical patterns within the sediments of the rich shelf (in terms of
numbers and biomass) and comparatively poorer slope sediments in the next sections.
3.4.1. Vertical zonation patterns of standing stock.
That meiofauna and nematodes do occur more frequently in the uppermost sediment
layers has been demonstrated in all types of biotopes (Heip ef aI 1985, Giere 1993). Evenso in
the deep sea meiofaunal vertical distribution was often typified by maxima at the surface (most
recent papers of Vincx et a|.1994, Vanreuselef a/. 1995b, Radziejewska ef aI 1996, Soetaert ef
al. subm). Relative subsurface abundances were lowest in the silts of the deepest site (Sta K6),
but differed not very much from the silty sands of the shallowest station (Sta K2), whereas in the
other two intermediate sandy bottoms (K3 and K5) meiofauna was more evenly presented in all
depth layers. Gravel percentages in the upper five centimeters of the substrates interfered with
sand and pellite concentrations, entailing differences between l<2 | KO (sand: 48 and 27o/o,
pellite: 30 and 70o/o ) and K3/ K5 (gravel: 35 and 16%) (Vanhove ef a/ 1995) respectively.
Presumably the differences in depth penetration in general, and more specifically between the
stations K3 and K5, were enduced by differentiated attraction to trophically richer surface layers
(for example chloroplastic equivalents were four times higher in K3 compared to K5, Vanhove ef
a/. 1995). In literature, meiofaunalvertical zonation was generally related to the richersupply of
oxygen and food at the surface as well and this was more profound in fine-grained sediments
(Dinet & Vivier 1979, Shirayama & Horikoshi 1982, Thiel 1975,1983, Tietjen ef a/. 1989, Soetaert
et al. 1991, Lambshead et al. 1995, Vanreusel ef al. 1992, 1995 a,b, Radziejewska et at. 1996).
3.4.2. Vertical zonation patterns of body size.
A deeper-longer relationship was established in three of the four stations. This was
consistent with nematode assemblages in shallow waters (Jensen 1983) and deep seas (Vivier
1978, Shirayama 1983, Soetaert 1989). Departure from this general deeper-longer trend was
sometimes considerable (for example in Sta K5) and this sediment-mediated relationship did not
cover nematode size spectra in the deepest layers.
Body elongation (e.9. by increasing the length/width ratio) in deeper sediment layers was
believed to facilitate transepidermal uptake and diffusion of dissolved organic substances and
oxygen (Giere 1993), and would be a functional adaptation to low levels of orygen and
particulate food (Jensen 1987). Soetaert & Heip (1989) proposed -although with some discretion-
that body elongation could be as a consequence of sediment texture. The sediments becoming
finer with depth were then preferentially colonized by smaller individuals at the top and larger
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animals deeper down. The latter would be a question of laeer mobility of longer nematodes,
enabling them to penetrate into the more compacl deeper layers. lt is difficult to apply this
hypothesis to our observations as insufficient environmental data were available. Similarly, the
explanation of Shirayama (1983) that body elongation of nematodes towards deeper layers was
attributed to differences in age structure could not be tested with the cunent approach as no sex
or age categories were defined.
The method of describing nematode size distribution in the cunent approach is robust as data
were obtained from the entire nematode community. The occasional presence or absence of
large species certainly affected the overall pictures. lnterestingly to this context was that
Soetaert (1989) studied repartitioning of length with depth on nematode species tevel. This
author found a significant increase with depth in length for about 20 o/o of the genera comprising
of species trom Acantholaimus, Aegialoalaimus, Amphimonhystrella and Sabatieia. Therefore
body elongation with sediment depth in the deepsea nematode communities of the Weddell Sea
might be applicable to only a limited proportion of the constituents.
3.4.3. Vertical zonation patterns in genus and trophic composition.
Many genera in the sediments of Kapp Norvegia were confined to upper layers, and from
about 2 (K3 and K5) to 3 cm (K2 and K6) on only a limited set, including Molgotaimus and
Sabatieria, were still highly abundant. The most dominant genera could roughly be classified into
two sorts of associations: (1) those being relatively more presented at the surface, namely
Microlaimus, Monhystera and Leptolaimus, and (2) nematodes colonizing subsurface strata,
immediatefy undemeath the upper sediment layer, Dichromadora and Acantholaimus, or deeper
in the sediment like Molgolaimus and Sabatieria.
The change in relative composition was accompanied by a slight shift in feeding types, the
surface layers comprising 30-40 % epistratum feeders, the intermediate strata harboring mainly
seledive deposit feeders (50% of the genera had very small buccal cavities) and highest
proportions of omnivorous predators (about 5olo), and the two lowermost layers supporting
predominantly non-seleclive deposit feeders (30-40o/o).
Gradients in nematode composition vertically in the sediment were studied by Vivier (1978),
Thistfe & Sherman (1985), Jensen (1988), Vanreusel et al. 1992, Soetaert et a/. (1995) and
Vanaverbeke et al. (subrn). lt was concluded that oqanic content and its nutritional value had a
decisive key r6le for nematode distribution. In the present study redox potential and sediment
texture looked as being the most important structuring force, though convincing proof was not
given. Sabatieria abundance distribution was also parallel to C/N variation. ln sediments with a
continuous increase of C/N with depth (Sta K6) this genus was highly presented between 2 and 5
cm relatively to other horizons, and at sites where C/N values were discontinuously varying
along the sediment core (Sta |(2) Sabatieria peaked within the layer of highest C/N. The
relatively high presenen of Sabatieia in the deeper layers was associated with suboxic pathways
in ocean margin sediments of the Mediteranean (Soetaert & Heip 1995). HigherC:N ratios are
often indicative for degradation (l-yson 1995) and might therefore explain the coincident
distribution pattems oI Sabatieria with C/N ratios in our study. As Molgolaimus showed very
similar distribution trends this genus might have responded in much the same way.
The relatively higher proportions of the epistratum feeding Microlaimus, Dichromadora and
Acantholaimus in upper layers might be explained by higher levels of pigments and their
degradation products (to a certain extent related to diatoms), microbial coatings on sand grains
etc.. at these depths (Santos ef a/. 1995). Also on the Mediteranean shelf and slope
Acantholaimus was preferably found in the upper layers of the sediment. Members of this genus
exhibit many types of buccal cavities and mouth openings, and therefore resource partitioning
within this genus must have been encouraged, just as in the Mediteranean and Nonrvegian Sea(Jensen 1988, Soetaefl et al. 1995). Remarkable were again the relatively higher levels of this
trophic group deeper down (5-10 cm). This could be indicative of the presence of abundant food
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sources still occuning at these depths, and relate to the extreme high organic fluxes in this
region (Bathmann et al. 1991). The deeper occuning epistratum feeders were mainly composed
of simifar genera as in the upper layers (e.9. Desmo&ra, Dichrcmadora) though Cobbia
predominated with about 7olo of the total nematode population at this depth. lt may be that
epistratum feeders eltered their selediveness for food sources at the surfece compared to
deeper layers. More precise analyses of the organic compounds and more detailed
investigations are neoessary to substantiate these hypotheses.
3.t[.t[. Vertical zonation patterns of diversity.
Vertical scaling of diversity in the sediment of Kapp Norvegia roughly clifferentiated
between K2, with a continuous decline, Sta K3 and KO with subsurface, and Sta K5 with more or
less similar, though lowest diversity, at all depth layers. In most cases a clrop in diversity
occuned from 2 or 3 cm on, and might, as infened in all discussion above, be associated with a
refinement of the sediment grains, a downwad chemical reduction and a decline of fresh food
with depth. The smooth pattem at Sta K5 did not cover this explanation.
It was also found that the deepest deprth interval exhibited augmented diversity. This was mainly
attributed to the pooling of 5 subsequent centimeter layers. Seemingly some genera showed a
vertical segregation in the deepest horizon to, hence differentiating between layers fmm 5 to 10
cm.
3.t1.5. Gomparison with observations in the spatial distribution of the
meiofruna communities (Vanhove et a[1995, Vanhove et al. subm).
ln many aspects the stations differed significantly from one another, and the contrast
between the shelf (K2 and K3) and slope (K5 and KB), observed in spatial clistribution pattems of
stancling stock and nematode struciure, were not discemible anymore in differences between
vertical distribution pattems.
Especially Sta K5 took a particular position separating from any of the three other sites. The
combination of high gravel and pellite in the sediments, containing lower concentrations of
organic matter (given by organic carbon and nitrogen) wtrich besides were also relatively older(given by higher C:N ratios), supported a distinct meiofauna community with:
-) remarkably lower total core density and biomass, exhibiting a high deviation between the two
replicates (Iable 3.3.)
-) almost only nematodes (Iable 3.3.)
-) a relatively even distribution of the higher meiofauna taxa, nematode genera and divers1y
numbers over the entire sediment profile (Figure 3.2., 3.5. and 3.7.),
-) a deviation from the general observed deeper-longer relation in nematode body size (Figure
3.3.), and
-) a low diverse nematode community dominated by Molgolaimus and Sabatieria (Figure 3.4. and
3.7.).
Although not discussed in Vanhove ef a/. 1995, Sta K5 was similarly less dense populated and
dominated by nematodes, having an overall higher mean individual biomass (Vanhove et al.
1995). ln addition, this station was also difficult to classify in the multivariate outputs, and thejuveniles and trophic categodes were significantly aggregated. Whole core values of diversity
exhibited highest dominanecs (given by the very low Ninr) of all stations along the deprth transects
despite their highest No (genus numberc) (the latter was mainly because of sample
processing)(Vanhove et al. subm).
The reason for the outlying position of Sta K5 remains unclear. Being situated on a small ridge
on the sharp declining upper slope off Kapp Norvegia (see herefore figure 1 in Vanhove ef aL
suDm), it must have experienced a higher level of reworking of the sediments to depths of at
least those that we investigated (10 cm). This might have been because of hydrodynamics, ice-
berg activity or macrofaunal impact (Vanhove ef af. 1995) or a factor of unknown origin. The
most likely it is the result of scouring activity es many gravels were found in the sediments. Huge
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icebergs probably hitched the projected point of the slope, hence disturbing and decolonizing the
sediments. Only nematodes (seemingly with large body sizes) like Molgolaimus an Sabatieria
could successfully colonize these sediments.
3.5. Conclusive remarks.
ln many aspects the stations differed significantly from one another in depth penetration pattems
of the higher meiofauna taxa and more specifically of the nematodes. The structuring rdle of
environmental variables like redox potential, grain size and food content was suggestive,
confirming literature observations on meiofaunal distribution vertical in the sediment. However,
the complexity of biotic and biogenic factors and the nature of our observations rendered
interpretations of causative effects difflcult-if not impossible. Due to the limitations inherent to
deep-sea studies (where replication is often impossible) such type of impact studies are difficult
to interpret.
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Meiofauna
in the seasonal varying
shallow water sediments of Signy lsland
lntroduction to the environment of Sionv lsland:7S
INTRODUCTION:
The environment of the low subtidal sampling site at Signy lsland.
The study of marine ecology at Signy lsland has a relatively long history. The following descriptions
thus are a compilation of what is found in many papers. Only the topics that complement compressed
information in the next two chapters are outlined and give a background-introduction on the ambit of
the meiofauna research site.
Geooraohv. Signy lsland (60'42' S, 45'36'W is one of the South Orkney lslands, which
according to the biogeographical scheme of Hedgpeth (1969) belong to the subregion Westem
Antarctic, comprising of the Antarctic Peninsula and the Scotia Arc (Figure a.1).lt is a small island of
approximately 7 km long and 5 km at its widest point, with a total surface area of about 20 km2.
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Figure a 1. : Map showing the location of the South Orkney lslands and Signy lsland in Antarctica.
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To facilitate sampling and because of the prevalence of soft bottoms the study site was chosen
nearby the British Antarctic Survey's base at Factory Cove. This cove is a small inlet off Borge Bay
which in itself covers about 2 km2 with a maximum depth of 30 m and a mean of 10 m (Clarke ef aL
1988, Figure a.2).lt has been a site of extensive biological research since the summer of 1961-62
(Holdgate 1967).
Flgure u.2.: Map showing the location of Borge Bay and Factory Cove at Signy lsland, with indcation of the British
Antarc6c Survey research staton. Copy trcm Clafue & Leaky (1996).
Temoerature and ice cover. The seasonal variation in monthly mean seawater temperature at
the sampling site is small, ranging from -1.4"C in winter to +1.64'C in summer. The geographical
location of Signy lsland (e.9. close to the northerly extent of the winter maximum), in contrast, results
in an unpredictable pattem of sea-ice formation and disappearance leading to large year-to-year
variation. The anival of pack-ice is usually the factor which allows the surface of Factory Cove to
fteeze, with fast-ice up to 1 m thick for between 59 and 241 days (on average 140 days each year,
mean of 38 years), and pack-ice may be present at almost any time when fast ice is absent. The
average date of fast-ice formation is 1 June, and the average date of blow-out is 18 October (Clarke
ef a/. 1988; Clarke & Leaky 1996).
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Sources of orqanic inputs: The inshore marine environment around Signy lsland is
characterized by a distinct seasonal cycle of primary production (Whitaker 1982; Clarke et a|.1988).
Phytoplankton activity is limited to a short summer bloom that usually begins in December, peaks in
January and declines to winter levels by March. The phytoplankton bloom varies from year to year in
intensity and duration and sometimes there appear late summerleariy winter blooms as well (Clarke
ef a/. 1988; Clarke & Leaky 1996, Figure u.3.). Data of primary production from literature are:
Author
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Tanner & Herbert 1981
Whitaker 1982
Clarke & Leakv 1996
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The bulk of the phytoplankton is microplankton and consist of larger diatoms, chains or globular
cluster of cells, but include also autotrophic cryptomonads, silicoflagellates and ciliates, and
heterotrophic bacteria, choanoflagellates, ciliates and dinoflagellates (Clarke & Leaky 1996).
Sea-ice microalgal primary production contributes only to a small fraction of the annual primary
production of the region (1-2 g rn-' y-', Whitaker 1977). Similarly, under-ice primary production near
Signy lsland is small compared with that in the open-water period (Home ef af. 1969).
In situ produc{ion around Signy lsland demonstrates significant rates of primary microphytobenthic
productivity that compares favourably with planktonic productivity and bacterial tumover (White &
Robins 1972; Gilbert 1991a), and cluring the ice-free period it can reach rates higher than
phytoplankton production. The benthos shows a distinct bloom 
^immediately after the sea-ice breakout and prior to the phytoplankton groMh (e.g. 700 mg C m-2 d-1 in December; 100 g C m-2 in
summer; 8.4 molC m-'y-' on annual base)(Gilbert 1991b).
Microalgal communities are composed of 44 species, of which 35 are diatoms. Most of the species
observed in the sediments are pennates belonging to the genera Achnanthes, Amphiphora, Amphora,
Cocconers, Apbneis, Fragilaia, Gyrosigma, Nitzschia, Navicula, Rhabdonema, Trachyneis and centric forms
from Actinocydus, Corethron, Coscinodiscus, Odontella and lfialassrbsra (Gilbert 1991 b).
Macroalgal production at Signy lslancl oocurs through the growth of many (about 36) different species
belonging to red, green and brown algae (for example annual net production of Desmarestia anceps
ranged between 10.7.and 163.8 mmol 02g-' DW y-'). However, macroalgal biomass appears to be
low (2.05 kg VI/W m-', Borge Bay) and no species grow at Outer Mooring. Detached macroalgae
accumulate in deeper parts of the sea bed and at offshore sands, instead of stranding on beaches
(probably because of a lack of sloping beaches in combination with wind and cunent directions
(Richardson 1979; Brouwer 1997).
Substrates and associated fauna. The Bay represents a typical Antarctic near-shore
environment and contains a range of habitats from invertebrate- rich rock faces to less populated
bottom sediments. Most of the epifauna and -flora is limited to the sublittoral zone (free from ice
abrasion), and biomass on boulders and rock faces is high (White & Robins 1972r. A characteristic
species at these sites is the limpit Nacetta concinna (Picken 1980; Clarke 1990).
ln addition, extensive areas of soft sediment can be found in Borge Bay, composed of glacially
eroded quartz-micaschist (Hall 1986), supporting a high biomass of deposit feeding
-pofychaetes (Aglaophamus virginis, Cinatulis cenatus, Haptoscotoptos kerguelensis, Rhodine loveni,
Capitella capitata, Notoprocus oculatus antarcticus, Sco/oplos marginatus melaani, Mosospio moorei, Tharyx
epiocta, Pionosyllis comosa, Terebellida spp.),
-amphipods (Cheiimedon femoratus, Pontogenea rotundifrons, Tryphosetla kergueleni, Pontogenietla
brevicomis, Parharpinia rotundifrons, Lepidepecreum cingulatum, Monoculodes scabnculosus),
-bivalve molluscs (Laternula elliptica, Yoldia eightsii, Mysetla charcoti),
-isopods (Sero/is polit a, Glypton otu s ant arcti cu s),
-gastropods (Laevilacunaia antarctica), ostracods, echinoderms and priapulids (references in
Walker 1993).
Mean wet-weight macrofaunal biomass of soft substrates range from 790 to 307 g m-2 (Hanly 1972').
The investigation undertaken at Slgny lsland is a temporal study covering 18 months during
1991/1992. More details conceming the immediate environment and meiofauna sampling are given
in chapter 4 and 5.
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CHAPTER 4.
The metazoan meiofauna in its biogeochemical environment :
the case of an Antarctic coastal sediment
4.1. lnfroduction.
Generally subtidal meiofauna communities reach high standing stocks, and comprise a wide
range of taxa, of which the nematodes are both numerous and ubiquitous. Nematodes are found in
many different habitats and constitute a variety of trophic assemblages, among which herbivores,
baclerivores, detritivores and predators dominate (Wieser 1953, Tietjen 1980, Jensen 1gB2).
The Southem Ocean nearshore is characterized by a high primary production during the austral
summer (Whitaker 1982, Clarke ef a/. 1988, Clarke & Leaky 1996). Much of the diatom btoom
sediments to the seabed, along with a minor supplement of sea-ice algae (Whitaker 1g77, Palmisano
ef at 1988). An additional source of primary produc{ion are in sifu microbenthic communities - the
productivity of which is closely linked to the oocurence of sea-ice (Gilbert 1991a,b). Overall, the
organic input into the benthic system from these autochthonous sources is substantial (Nedwell ef a/.
1ee3).
Vertical transport of organic matter within sediment leads to steep oxygen and sulphide gradients.
Furthermore, competition for food, physico-chemical factors and biological interactions may play
r6les in determining which taxa of different ordes may co-exist in the same depth strata. These
organisms are generally confined to the upper few centimeters of the sediment (Giere 1gg3).
Here we reDort for the first time the density, taxonomic composition and feeding guild structure of
the meiobenthic community of shallow nearshore sediments within the northem limit of the Antarctic
pack ice (Stonehouse 1989). These data are related to a spectrum of environmental variables,
including food and chemical regimes which are known to structure the meiofauna (Giere 19g3). The
sampling was done during the austral summer, when the occurrence of sea-ice did not hinder diving
activities for sampling. Two sampling efforts at the same mooring point and separated as far as
possible during our stay, were taken to give an idea of the summer situation in this benthic locality.
t1.2. Material and Methods.
4.2.1. Arla and period of investigation.
Sampling was undertaken at Factory Cove at Signy lsland, South Orkney lslands, Antarctica(60' 43'S, 45' 38'W. Factory Cove is situated in Borge Bay (Figure 4.1.), for which a long-term data
base of environmental variables, including sea water temperature, ice cover and chlorophyll standing
crop, has been established (Whitaker 1982, Clarke ef aI 1988, Leakey et aL.1994, Ctarke & Leakey
1996). Abiotic and biotic samples were taken randomly within close proximity to each other from the
sediment at a water depth of approximately 10 m at the Outer Mooring site, to the north-west of the
cove, opposite the British Antarc{ic Survey research station. Coring was undertaken twice by SCUBA
divers at the same mooring point during the second half of the austral summer. The two sample sets
were assigned COVE 1 (Jan 26, 1994) and COVE 2 (Feb. 21, 1gg4).
4.2.2. Sampling regime.
For each of the two sampling efforts 5 replicate sediment cores for meiofauna investigations
and 7 replicate cores for the analyses of the environmental variables were taken simultaneously and
at the same site. The 'environmental cores'were separated as follows: 3 for interstitial nutrients,
DOC and sediment texture, 3 for chloropigments, POM and inorganic carbon, and 1 for microbial
food sources, including diatoms and bacterie.
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4.2.3. Meiof,auna and nematodes.
Vertical cores of sediment were taken using perspex (plexiglass) tubes, with an intemal
diameter of 36 mm, to a depth of 5 cm. Meiofauna was extracted from the formalin (4%) preserved
sediment slices of 1 cm by decantation, centrifugation and sieving on a 38pm sieve (Higgins & Thiel
1988). The metazoan meiofauna wes counted after staining the samples with Rose Bengal, and
samples were then subsequently treated for a quantitative analysis of the nematodes. Approximately
200 nematodes from each of the 5 replicates were picked randomly, transfened to an evaporation
series of glycerol alcohol solutions, with a final pure, anhydrous glycerol as medium for the
permanent mounts (cf. Seinhorst 1959). In the cases where less nematodes were encountered, all
specimens were collected. The pictorial key to the nematode genera of Plaft & Wanrick (1988) was
used for identification. The nematodes were classified into four feeding groups accoding to Wieser(1953), distinguishing selective (1A) and non-selective deposit feeders (1B), epistratum feeders (2A)
and predatorVomnivores (28).
4.2.1. Environment.
Measurement of the physical and chemical environmenf. The temperature (0.5"C) and salinity
(35o/oo) of the overlying 3 cm of water above the sediment column was measured immediately after
sampling. No measurable differences were recoded between covE 1 and covE 2.
Triplicate samples were taken with separate plastic cores with an intemal diameter of 60 mm for the
analysis of pore water nutrients. Sediment was extruded from the core tubes in 1 cm slices under N2
atmosphere and passed through Whatman GF/C fitters. The pore water samples were frozen
immediately at 40"C, and then stored at -20'C. Later the interstitial water was thawed and a first
subsample was processed for the measurements of the. concentrations of ammonia, nitrate, nitrite,
phosphate and silicate with an A11 automatic chain (SANpt" Segmented Flow Analyzer, SMI-AR).
Dissofued organic matter (DOC) aN sediment texture. Dissolved organic carbon was
measured on a second subsample of the above mentioned interstitial water. Readings were done on
a SI(ALAR (SK-12) DOC/TOC- analyzer.
The extruded sediment was dried for 24 h at 60 "C. A Coultef tS particle Size Analyzer was used to
charac{erize the granulometry of the sand fraction (61.7-900 pm) and the pellite (clay + silt) content
(0.4-62 pm) of the total sediment.
Chloropigmenfs. As a measure of microalgal biomass the concentrations of plant pigments (r.e.
chlorophyll a, c and fucoxanthin) were determined using frozen (-20'C) 1 ml aliquots from sliced
triplicate sediment cores (intemal diameter 36 mm, slices of 1 cm over the 0-5 cm horizon). Total
pigments were assayed on thawed aliquots filtered onto Whatman GF/F glass-fibre filters and
extracted in 90o/o acetone on a Gilson HPLC-chain (fluorometrical and UV-visible detection)
according to a slightly modified method of Mantoura & Lleweilyn (1983).
Particulate organic matter (POM). The remaining sediment from the former procedure
(chloropigments) was frozen at -20 'C and thawed when retumed to Belgium. This sediment was
then dried for 4 h at 110"C and split in two parts. The first was used for estimating total organic
content (AFDVD by measuring weight loss after ignition at 550'C for 120 min.
The analysis of elemental total carbon (l-C) and nitrogen (IN) was done on the second part using a
Carlo Erba NA-l500 analyzer. To determine the amount of inorganic carbonates, the same samples
were analyzed with the Carlo Erba NA-1500 analyzer, but after acidification with HCl. The difference
between the two measurements was the amount of inorganic carbon.
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Microbial food sources. Triplicate sediment samples were taken with a hypodermic syringe
(approx. 1 ml sediment, distal ends removed) from each slice (1 cm over G5 cm) of a core with
intemal diameter of 36 mm for the enumeration of bac{eria. They were preserved to a final
concentratiofi of 2o/o filtered formaldehyde solution and stored at 4"C until further assessment at the
laboratory. The sediment aliquots were diluted, homogenized, sonicated and filtered (Danovaro ef aL
1994) before enumeration using acridine orenge epifluorescence microscopy (Montagna 1982).
Triplicate samples of the slices of the same core were frozen at -20'G and later thawed for diatom
counting. Subsampling was performed by diluting the sediment with sterile deionized water, and then
examining small volumes on a hemocytometer (Lund ef ar. 1958). The figures can not be used as an
estimate for in srfu benthic production of the entire diatom population (i.e. many cell frustules were
distorted after freezing, and the prominent small Fragilaria species were difficult to see). But as the
benthic chlorophyll is mostly covered by in sifu diatom production (Gilb€rt 1991b), and the pennate
forms were frequently encountered in the gut of many nematode specimens, the study provides
useful data on an important trophic structuring force.
t1.2.5. Data analysis.
Relation with the environment. The relationships between environmental variables and
between the meiofauna/nematode struciure and environmental factors were tested using the non-
parametric Spearman rank correlation analysis (Sokal & Rohlf 1981).
Community study and analysis of the environmental data. ANOVA was used to determine
whether the biotopes were significantly different according to meiofauna taxon densities, nematode
genera (data recalculated to community densities) and environmental data. Multifac{or ANOVA
(MANOVA) was applied to test which factors might be important. The applied statistics covered
analysis of vertical pattems in the sediment core and data point analysis (COVE 1 vs. COVE 2). The
assumptions for applying these parametric tests (i.e. normal distribution of the variables,
homogeneity of variances, independence of means and variances) were fulfilled after fourthroot
(counts) or angular (percentages) transformations of the data. In cases with slight deviations from
normality a more stringent probability level (p < .01) was used to infer differences were significant,
and results were compared with ihe non-parametric Kruskal-Wallis and Mann-Whitney U tests on
untransformed data.
Subsequent post hoc (Least Significant Difference, LSD) comparisons and contrast analyses were
used on groups of sediment layers (Sokal & Rohlf 1981). Therefore, the data of each centimeter
layer were averaged to new slice data of the upper (0-2 cm), middle (2-3 cm) and deeper (3-5)
horizon.
Diversity. As a measure of diversity, Hill's divesity indices were calculated from the nematode genus
composition of non-standadized sample sizes. This set of indices incorporates the widely used
diversity measures. They differ in their tendency to include or to ignore the relatively rarer species
(i.c. genus): the impact of dominance increases and the influence of species (.c. genus) richness
decreases with increasing order of the diversity numbers. No= flumber of genera; N1 = €xp (H') where
H' = Shannon-Wiener diversity index; Nz = the reciprocal of Simpson's dominance index; Ni6 the
reciprocal of the relative abundance of the most ebundant genus. When characterizing a community
it is advisable to give diversity numbers of different order (Heip ef aI 1988, Soetaert & Heip 1990).
t1.3. Results.
For the classification of the genera see appendix 1
For raw data see appndix 5
4.3.1. Spatial heterogeneity in the environment and biota.
Spatial heterogeneity on a centimeter scale was often very high in the abiotic environment,
and even higher in the colonizing biota. This heterogeneity is apparent both from the differences
between sediment slices (vertical heterogeneity), but also from the standard deviations in Table 4.1.
and 4.2. and Figure 4.3. (horizontal heterogeneity). As a result of this heterogeneity the probability
levels of an ANOVA on the higher taxon densities indicated significant differences between the
treatments (e.9. 5 replicates from each core slice per sampling effort) (p = .Og). This was, however,
exclusively as a result of variability in numbers of harpacticoids.
ANOVA on the environmental variables and nematode genus data incticated no significant
differences between the treatments (p > .05).
4.3.2. Vertical gradients in the environment.
Sediment gtain size. The sediment in the top 5 cm consisted of moderately sorted very fine
sands (grain size 62-125 pm), with 2O-30 o/o of the particles smaller than 63 pm (=pellite)Oable 4.1.).
The grain size distribution was strongly left skewed, and leptokurtic. These results were similar
throughout the sediment column and for both samplings.
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Nutrients and oxidative/reductive state of the sediment. The sediments were strongly reduced.
Maximum nutrient concentrations in the sediment slices (Figure 4.2.) were 36 pM for nitrate,65 pM
for phosphate-P and 1.6 pM for ammonia. Measurements in the water column immediately above the
sediment, for COVE 1 and COVE 2 respectively, were 7.9 and 3.6 pM NO3-N, 7.7 and 6.5 pM PO4-p,
0.06 and 0.05 mM NH4-N (results not presented). Conditions changed rapidly in the upper
centimeters of the sediment, with a visual colour transition from a light brown, Fe-oxid+stained,
surface (upper mm), to grey intermediate and black sulphide stained horizons. The latter coincided in
COVE 1 with a sudden strong rise of NH4'-N in the same horizon (2-4 cm). ln COVE 2 NHq*-N
changed at 1-3 cm. From 4 cm on the sediments were black, very compacted and a pronounced
odour of HzS was recognizable.
Pigments and microbiota. The concentrations of chloropigments were generally very high and
showed a decline below the 1-2 cm hori4on in COVE 1. This was especially true for Ghl-a with a 1-2
cm subsurface maximum of 148 pg mfl. In COVE 2 the peak values were found at the surface (g1
pg mfl) and were followed Oy a sieep decline towards 2-3 cm. Overall, pigment concentrations were
3-4 times higher in COVE 1.
An almost continuous decline with depth in the numbers of bacteria and diatoms was observed at
both samplings. COVI l-counts of microbiota were more than twice those of COVE 2-counts (resp.
74x10e mi-t ano 31x10sml-1 for bacteria; resp. 11xl06ind.ml-1 and 51x106 ind ml-t forolatoms;.
Particulate organic mafter.(POM). From the recodings of particulate matter it appeared that
inorganic carbon, and TN concentrations were very low. The latter reached 0.2 o/o in upper cm, but
decreased with more than 50 o/o at each subsequent layer in COVE 1 and was below deteclion level
in COVE 2. Consequently, organic C:N atomic ratios were g to 12 in the upperthree centimeters, and
much higher deeper down in COVE 1, and could not be calculated for COVE 2.
The sediments had an organic loading of 2 and 4 o/o AFDW and 0 and 1 % organic carbon (IC), for
COVE 1 and COVE 2, respectively. The concentrations of AFDW were always higher than TC,
originating in methodological differences (AFDM:organic C is generally 2:1, Platt & lrwin 1973).
Organic matter concentrations (AFDW and TC) decreased with deflh in COVE 1, but increased
again after a minimum concentration at 2-3 cm in the sediments of COVE 2.
Dissolved organic mafter (DOC). DOC levels in the pore water were measured only in COVE 1, and
reached 20 mg l-'. The concentrations did not show a visible change with depth.
t0.3.3. Meiofauna.
The metazoan meiofaunal densities were very^different between the samples (Table 4.2;.ln
COVE 1 the average density was 13 170 ind 10 cm-'with nematodes comprising 86 o/o of the total
meiofauna. In COVE 2 meiofauna numbers dropped to one third of the population of COVE 1(average of 4950 ind. 10 cm-2;, due mainly to much lower densities in the 1-2 cm-stratum.
Harpacticoid copepods and nauplii represented in COVE 1,11 o/o and in COVE 2,160/o of the total
meiofauna population and ostracod abundances were resp€ctively 3 and 22 o/o. Other taxa (r.e.
amphipods, bivalves, halacarids, tadigrades and turbellarians) represented less than 1 o/o of the total
meiofauna.
Vertical density patterns (Figure 4.3.) showed a subsurface peak at the 1-2 cm sec{ion in COVE 1(average total density: 5893 ind. 10 cm-') and a consistent decline with depth in COVE 2, where
about 75 o/o of the total meiofauna resided in the surface layer. These differences were almost
exclusively the result of variations in the numbers of the nematodes. Harpacticoid copepods and
ostracods were only numerous at the surface, whereas nematodes were distributed to greater depths.
The sediments at depths lower than 5 cm contained very few meiofauna.
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COVE 1 &1 cm 1-2 cm 2-3 cm 3-f cm 4-5 cm
MAJOR MEIOFAUNA TAXA
nematodes
harpacticoids
nauplii
ostracods
total meiofauna (no 10 cm-21
rsD
MPIJOR NEMATODE GENERA
Aponena (24)
Chromadorita (2A)
Diplolaimalla (18\
Daptonema (18)
Microlaimus (2Al
Neochromadora (2Al
COMMUNITY TROPHIC COMPOSITION
1A
1B
2A
28
7894898486
123468
82462
22344
5170 5893 't729 195 182
938.1 1182.6 1681.4 104.0 318.5
0
53
47
0
61
2
0
14
1
20
0
16
84
0
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100
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15
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0
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4
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0
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0
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90 85
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t[.3.t0. Nematodes.
Taxonomic composition A total of 19 genera in 11 families were identified. They belonged to the
orders Enoplida, Chromadorida and Monhysterida. Only six genera were at all common (Aponema,
Chromadoita, Diplolaimella, Daptonema, Microlaimus, Neochromadora) Oable 4.2.). The other 13
genera were scattered over the different replicates and represented together only 4 o/o of the total
nematode community, with a mean of 0.3 o/o per genus (Iable 4.3.). Most genera were monospecific.
Apart from Aponema forosus the species have not been identified and many may be new to science.
The relative abundances of the 6 dominant genera are listed in Table 4.2. Aponema and Dafionema
were numerically highly dominant in COVE 1 (respectively 5288 ind. 10 cm', 46o1o and 2839 ind. 10
cm-',25o/o). ln COVE 2 mainly Daptonema was found, with numbers of 2413 ind. 10 cm-2,65o6)
(Figure 4.3.). All genera bu| Diplolaimellawere numerically much more abundant in COVE 1.
tabl€ 1.3. : Relative abundancas (%) of the less dominant (those nd mentioned in tabb 4.2) nematode gelnera. Figures arc the
tdal numbers 6 specinnns per {pnus encountercd on the tdal set of ident'frcations of COVE| and COVE2. Mean : average
abundance per genus; the feedng category according to Wreser (1953) was added.
COVE 1 COVE 2
Heutherolaimus 1B
Pomponema 28Sabatieria 18
Sphaerolaimus 28
Prochromadorella 2A
Leptolaimus 1A
Odontophora 1B
Promonhystera 1BOnchium 2A
Paramonhystera 1BSteineia 18
Wscosr'a 28
Psaudosteineia 1B
0.8
0.1
2.9
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.6
0.1
1.2
1.0
0.4
0.0
0.2
0.1
0.1
0.1
0.1
0.1
0.1
MEAN 0.3 0.3
Vertical zonation pailems (Figure 4.3.) showed a subsurface peak of Aponema at 1-2 cm
representing about 65 o/o afid 60 o/o of its total population in COVE 1 and COVE 2, respectively. A
steep finear decline with depth of Daptonema was noted in both sample sets. About 70 o/o (COVE 1)
and 90 % (COVE 2) of the Daptonema resided in the upper sediment horizon. Neochromadora
abundances revealed a slight increase in the 1-2 cm slice in COVE 1 (towards 1087 ind.10 cm-2),
whereas a continuous decline was observed in COVE 2. Almost the entire population of the major
genera was confined to the top 2 centimeters of the sediment (COVE 1: 83 o/o, COVE 2: 95 o/o).
The percentages in Table 4.2. show that the superficial layer was dominated by Daptonema (48olo) in
COVE 1, whereas deeper in the sediment a consistent dominancn of Aponerna was recoded (over
60%). Daptonema abundances again b€came more important in the deepest layer (22o/o).
Furthermore Neochromadora kept an average of about 18 o/o throughout the sediment column.
This was to a certain degree confirmed in COVE 2 where Daptonema constituted E0 o/o and 65 o/o, at
the surface and deepest layer respectively; Aponema dominated again the central sediment column
with a mean of 43%.
Diversity. The genus diversity of the nematode communities (as expressed by Hill's divercity
index) was very low (Figure 4.3.). The Ne, equivalent to numbers of genera and averaged over 5
replicates, fluctuated around 5 through the sediment core in COVE 1, whereas in COVE 2 higher
numbers were observed in the upper layers, maximized in the second layer. The indices of higher
(Nr, Nz, N6) oder averaged 2 (range between 1 and 4) troughout the profiles of both samplings.
Major environmental factors showed a similar strong depth profile (Figure 4.2.), and the
meiofauna taxon densities, as well as the nematode genus densities and trophic composition were
significantly conelated with the deflh of the sediment slices (spearman Rank, p <.ol).
t1.3.6. Analysis of variance of community structure and environmental data.
Because of the extremely low number of taxa which dominated the samples, the data for
meiofauna taxon densities and nemetode genera were reduced using a 4o/o-ru\e. Thus taxa which
comprised less than 4o/o of the total (over all the slice and date replicates) were eliminated. This
technique meant that enant taxa did not disturb the general pattems.
A MANOVA test showed that differences between depths for all the data (environmental, meiofauna
taxon densities, nematode genus densities and relative abundances) were significant as were
differences between the two sample sets (p <.05). The middle layer (2-3 cm) formed the transition
horizon, and was not different from the upper and deeper groups (multivariate contrast : p >.0S).
Therefore, in the following discussion we consider only the 0-2 (upper) and 3-5 (deeper) horizons.
Depth Variation. A clear difference (p<.001) between the upper (G2 cm) and deeper (3-5 cm)
horizon was observed for pellite content, chloropigments, ammonia and nitrate, diatoms, bacteria
and TC in COVE 1 (Figure 4.4.). This was confirmed for COVE 2, albeit to a lesser degree: pellite
and diatoms were not significantly different between the strata.
When contrasting the meiofauna results in a similar way (Figure 4.5.), again evidence was given for
a highly significant difference between the upper two strata and the deeper sediment layers for all
taxa in COVE 1, and for nematodes, harpacticoids and nauplii in COVE 2 (Contrast analysis 0-2 vs
3-5, p <.001). The differences were less pronounced for the ostracods. Finally, the densities of the
major nematode genera differed significantly between 0-2 and 3-5 cm, except for Diptolaimella in
covE 1.
Sample compaison Despite the remarkable similarity in general picture of the environment(Figure 4.2.1, a significant difference was found between the sediment texture, chemistry and food(LSD : p <.01). Silicate and TC concentrations showed no obvious difference between the two
sample sets.
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Figure 4.4: Comparison of two secfrment layerc (U2 cm and 3-5 cm) for COVE 1 and COVE 2: (A & B) Sediment texture (Meds:
median sand in pm, Pell: prcentage pellite); (C & D) Pignents (Chl-a: chlorophyll a, Chl-c: chlorophyfl c, Fuco: fucoxanthins; pg ltf
'): (E & F) Nutrients (NHnN, NOnN, POIP, Si; mg l'); (G & H) Microbiota and TC (Aat: datoms, Bact: bacteia; no rrt' , TC: oA
total cafton). The data rerysent nBan+standard enor of resp. G1 to 1-2 cm (= g-2 cm), and 94 to 45 cm (= 95 cm) (n=6). The
significant pleveb of the MANOVA contrast analyses for depth compaisons are added undemeath each gnph. Elatom numbers
arc to be multiplied by E+06, bacteia by E+09.
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Figure 1.5 : Comryison of fwo sediment layers (G2 cm and 3-5 cm) for COVE 1 ancl COVE 2: (A & B) Maju meiofauna taxa(Nema: ffial nematodes, Herp+Naug; harpacticcid copepods+nauplii, Osfr: osfracods); (C & D) Major nematode genera (Apon:
Aponema, Chrom: Chrcmadorita, Dif,: Af,ohimeila, Dapt: Daptonema, Micr Micrdaimus, Nercj Neochromadon. The'data
rcpresent mean (ind. 10 cffi') + standard enor of resp. A.1 to 1-2 cm (= G2 cm) and 34 to +5 cm (= 3-5 cm), n=10. The
s@nifrcant Nevels d the MANOVA contrast analyses tor defih compaisons arc added undemeath each gtaph.
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Nematode numbers were mainly responsible for the differences between COVE 1 and 2 (Iable 4.4.).
This was much stronger at the sediment surface (0-2 cm, p <.001) than deeper down (p< .05), and
mainly due to Aponema, Chromadorita, Diplolaimella and Neochromadora. Genus composition in the
deeper strata of both sample sets was comparable (Contrast analysis, p >.01).
Table LL : Post hac (LSBana/yss) and flanned (contrast analysis) pobaffi levets of the MANOVA on sample differences(COVE 1 vs COVE 2) among the meiobenthic and nematode numbers. /Vo sgns means that p >.05.
post hoc
(LsD)
contrast analysis
0-2 cm 3-5 cm
MEIOFAUNA
nematodes
harpacticoids and nauplii
ostracods
NEMATODE ABSOLUTE NUMBERS
Aponema
Chromadorita
Apblaimella
Daptonema
Microlaimus
Neochromadora
p<6
.6<p <.01
.01 <p< .@1
4.3.7. Trophic composition.
The non-selecdive deposit feeders and epistratum grazers (group 1B and 2A) dominated (fable 4.2.).
Together they comprised almosl 100 o/o of the nematode population, mainly due to the high
occulTences of Apnema, Neochromadora for 2A, and the high abundances of Daptonema and
smaller amounts of Sabatieria, Eleutherolaimus for 18. The predatorVomnivores (28, mainly
Sphaerolaimus) were only scantily represented at 0-2 o/o, arrd the selective detritivores were, apart
from some specimens of Leptolaimus, completely absent. Furthermore, the 2A and 18 feeding
categories were equally represented in the upper layer (about 50 % each), and epistratum feeders
alone in the rest of the sediment (about 80o/o) in COVE 1. In COVE 2 the non-selective deposit
feeders dominated the upper layer (807o), whereas a combination of both feeding categories was
found beneath the surface horizon. The total core percentages gave a dominance of epistratum
feeders in COVE 1 lt6oto) and a predominance of non-selective deposit feeders and epistratum
feeders (resp. 51 and 48olo) in COVE 2. However, when absolute numbers were calculated a clear
shift from epistratum feeders in COVE 1 towards non-selective deposit feeders in COVE 2 occuned(covE 1,2A: E161, 1B:2E94 ind.10 cm-2, COVE 2,2A:1115, 1B:i+aa ino.to cmt).
Mainflrrna in itc himmhamiaal anriranmanf. O/.
t1.4. Discussion.
4.4.1. Comparison with other meaobenthic studies.
Rudnick ef a/. (1985) summarized the studies which have estimated meiofaunal abundance in
shallow inshore waters. The total numbers of metazoan meiofauna ranged between 0.01-27.3 x 106
m-2, and averaged around 3 x 106 m-2 Oable 4.5.A). Major differencea were primarily attributed to
methodology. For comparison we list the only 3 studies from a total of about 50 that considered
similar sediment types Q.e. sands and silty sands) and used similar techniques (i.e. sampling by
diving, sieving on lower mesh size of at most 0.074 mm and using formalin with Rose Bengal). The
results from Signy were also compared to the densities encountered in boreal and (sub)antarctic
sediments (table 4.5.8). Meiofaunal standing stock in the sediments of Factory Cove exceeded,
together wlth stocks in Nanangansett Bay (N-Atlantic), greatly those from other sites world-wide.
The nematode community composition encountered had a strong similarity with the communities
found in other shallow subtidal fine sands (Heip ef a/. 1985), and especially in the fine sediments of
the German and Dutch Bight of the North Sea, with a dominance of Chromadoridae (e.g.
Neochromadora, Prochromadorella, Dichromadora, Chromadorita), Microlaimidae (e.g. Aponema,
Microlaimus), Comesomatidae (e.9. Sabatieia), and Xyalidae (e.g. Daptonema)(Juario 1975,
Vanreusel 1990).
Table 1.5. : Compaison of meiobenthic densfes at Factory Cove with A. data from Rudnick et at. 19E5, and B. other potar
localities.
A.
Locality Depth (m) Abundance mean (range) (x 106 m-2)
Signy lsland (this study) 7-9 Total :9.O (4.913.2)
Nematodes : 7.5 (3.7 -1'l .4)
Harpacticoids : 1.3 (1 .1-1 .5)
SITES WORLD-WIDE
Summary of data revieved by Rudnick et a/. (1S5)
Studies with comparable methodology:
- Niantic River
- Long lsland Sound
- Nanagansett Bay (sitUclay)
1-m
7
14
7
Total : 2.9 (< O.O1 -27.3)
Nematodes : 1.6 (< O.O1-23.3)
Harpacticoids : 0.1 (< O.O1-2.O)
Total:2.2 (1.2-5.0)
Nematodes : 2.0 (1 .G4.8)
Harpacticoids : O.2 (0.6€.0)
Nematodes : 1.4 p.A2.7)
TotalF : 17.O (8141 .8)
Foraminifers: 3.6 (O.&1 4.5)
Total :13.4
Nematodes : 11.8 (5.7-3.3)
Harpacticoids : 0.7 (0.32.0)
TotalF : total meiofauna including foraminifers
Total: total meiofauna excluding foraminifers (=metazoan meiofauna)
B.
Locality Reference Abundance range (mean) (no 10 cm-2)
Antarctic
- Siqny lsland this studv 49CD132@ (summer m€n : m)
Subantarctic
-Kerguelen lslands Bouvy 1$8
de Bov€e & Sover 196
'lqrc,+-'l5478 (annual mean : 45@)
21-4873 
€91 )
Boreal
- N. Baltic
- W. Greenland
Elmgren 198; Elrngren ef ar- 1ffi
Wittoeck 1€1
z#787E
flne sand : 15 m : 2O14 (summer value)
very fine sand : 10 m : 4829 (")
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tl.t[.2. Relation of the meiofauna variables with the benthic environment.
Low genus numbers found in Factory Cove are deviating from the general trend of high
diverse marine benthos assemblages in Antarctica (Amtz et al. 1994'7, but tend to agree with the
observations from nematode communities in fine.sands, demonstrating markedly dominances of a
few nematode taxa (e.9. H' of about 1-2 bits ind-') (Heip ef a/. 1985, Vincx 19E9). Superimposed,
structural characteristics such as high abundances with low diversity are also typically encountered in
advanced stages of organic eutrophication (e.9. beyond the ecotone point as quoted by the model of
Pearson & Rosenberg 1978). At this stage only a few opportunistic species can suryive the lowering
of oxic conditions and elevation of sulphide, hence living at high abundances, and revealing
increased biomasses (Pearson & Rosenberg 1978, Heip 1995).
As a result of the phytoplankton bloom in the water column and in sdu microphytobenthic production
the fine sands of Fadory Cove contained excess food during the austral summer: 1) particulate
organic carbon (2 and 4olo AFDW at the surface) was consistent with the Factory Cove annual
records from Nedwell et al. 1993, and the range measured by Bouvy 19EE and Platt 1979 in the
subantarctic) and, 2) pigment content reached a maximum of 1300 to 325 mg Chl-a m-2 for COVE 1
and COVE 2, respectively. The latter was similar to the summer readings of Gilbert (1991c) at the
same locality in former years, whereas the extreme from COVE 1 could have been the result of an
intense episodic bloom. High chlorophyll records were also found at other polar sites (e.9. in
comparable bottom types at similar depths) (Matheke & Homer 1974, Dayton et al. 1986).
Organic matter might represent an important environmental cue for meiofaunal distribution.
However, only fresh organic substances and labile DOM fractions, for example from bacterial
decomposition of algae and exudation from viable bacteria, are utilized by the meiofauna (Iietjen &
Lee 1975, Tietjen 1980, Admiraal et a|.1983, Heip ef a/. 1985, Bouvy 1988), hence $ructuring their
distribution (Montagna ef a/. 1983, Blanchard 1990, Santos e( al 1995). By using a C:Cht-a ratio of
40:1 (de Jonge 1980), a sediment specific gravity of 29 cm-3 and a watei content of 30o/o (Walker
1993), the percentage of the POC pool attributed to pigments, from in sifu benthic production and the
deposition of phytoplankton, was 25 to 47Yo. ln addition, surface C:N ratios in COVE 1 were well
below the threshold of biological mineralization (C:N 25) and the food requirements for animals (C:N
17) (Iyson 1995). Both aspeds are indicative of a nutritive environment, confirming the findings of
Wafker (1993) that 4 lo I o/o of the total organic carbon in the sediments of Factory Cove are
bioavailable through the entire summer season. This is, however, not in agreement with the low
concentrations of DOC (20 mg l-1;. Presumably this is an artefac{ in our measurements as in a set of
about 60 sediment samples from the same site between 1991 and 1995, DOC content ranged
between 130 and 4460 mg C l'' (unpublished data). This agrees with the available dissolved carbon
concentrations in the microbiological assay of Walker (1993).
t1.4.3. Nematode trophic composition at Factory Cove.
The sediments were mainly populated by epistratum- and non-selective deposit feeders, most
probably grazing on a mixture of diatoms, bacteria and organic matter. This was in agreement with
the trophic composition of nematodes in fine, littoral sands, rich in deposits (Heip ef a/. 19E5), and
the observations made in the subantarctic Kerguelen lslands (de Bov6e 1975). Selective deposit-
feeding, sensu Wieser (1953), seemed not to be common, and predator/omnivore nematodes might
have been outcompeted by deposit-feeding meiofauna-predacious macrofauna (Kennedy 1993).
Generalizing about feeding mode, by using the often applied classification of Wieser might, however,
be premature and misleading (Romeyn & Bouwman 1983, Giere 1993, Heip ef a/. 19E5). Aponema
had a small buccal cavity with very small teeth, and therefore it could be reasonably classified as a
sefective deposit-feeder (1A). Daptonema could be assigned as a 2A type, partly because many
frustules of diatoms and/or their fragments were detected in the alimentary duct. The occunence of a
cuticularised ridge (third denticle type sensu Lorenzen 197E) implies that diatoms can be pierced or
scraped from the sediment (Jensen 1982). In addition, Daptonema can use continuously different
feeding strategies according to the availability of food, sometimes within a very short time scale(Moens & Vincx 1997). This could not be infened from our data, as their densities at Factory Cove
did not vary much between the two months unlike the big shifts in microbiota standing stocks and
pigment concentrations.
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t1.4.4. Sample difierences.
Small scale variability (e.9. within sample variance) in meiofauna distribution is often high and
is likely resulting from macrobenthic aciivity, turbulence, heterogeneous distribution of seasonal
organic input and decaying material (Findlay 1981, Sun ef a/. 1993, Ndaro ef at 1995). More
strikingly, however, was the marked difference between the two sampling sets with a scale much
bigger than the scale of the replicates. This was especially obvious at the sediment surface (upper 2
cm). The deviation between the two sampling sets could have been caused by either temporal and/or
spatial separation. The sediment texture was significantly different between the two samplings. As
faunal distribution is commonly caused by grain size (Snelgrove & Butman 1994), these differences
might have been at the base of the variation in food and chemistry, and therefore the result of spatial
heterogeneity in the meiobenthos. However, 1) differences in median and mean grain sizes were
minute and well within the range of very fine sediments, and 2) pellite concentrations were only
significant different in deeper layers, where meiofauna was not as abundant. In contrast, the
profound shifts in meiobenthic density, genus composition and trophic struc[ure between COVE 1
(January 26) and COVE 2 (February 21), in accordance with the pronounced change of sedimentary
food content (indicated by microbenthic densities, organic matter and pigment concentrations),
merely suggest a temporal response to the seasonal signals of the Antarctic environment.
/+.4.5. Vertical zonation patterns.
Vertical scaling of samples allows the possibility of detecting particular spatial strata within the
sediment column of different benthic assemblages. The meiofaunal organisms at Factory Cove were
generally confined to the surface showing a strong contrast between the upper (0-2 cm) and the
compac{ deep (&5 cm) layers.
Meiofauna are often restricted to the upper layers of fine sediments heavy in detritus (Giere 1993)
and verticel zonation is typically controlled by the oxygen regime in the sediments (Higgins & Thiel
1 e88).
As a result of the high input of organic matter during the summer, the sediments of Factory Cove
were strongly reduced, even close to the surface. The lack of suitable facilities in Antarctica meant
that the redox potential discontinuity zone (RPD) could not be defined exactly, but should be situated
between 0 and -3 crn, indicated by the visible colour change to grey. Dissolved Oz in these sediments
never penetrates deeper than 2 mm (Nedwell & Walker 1995). Below the oxic surface layer, a
'suboxic zone' (Sorensen & Jorgensen 1987) with oxidized compounds (such as NOs, POr)
prevailed, followed by sulphidic black sediment (> 10 mmol ml-' sulphide, Walker 1993).
The meiofauna showed a higher depth penetration in COVE 1 (e.9. maximum numbers were found in
the subsurface layer), compared to COVE 2, with highest abundances at the surface. This coincided
with a deeper location of the NHr-cline (e.9. between 2 and 4 cm in COVE 1 end 1 and 3 cm in
COVE 2) and higher levels of the compounds NOg and PO4. ln addition, as sulphide concentrations
increase steeply from about 3 cm (Walker 1993), the importance of the oxygen/sulphide regime to
meiofaunal vertical distribution in Factory Cove is well documented.
Meiofaunal depth distribution wes, however, not limited by the disappearance of free oxygen below
the sediment surface. A factor that could have triggered the depth penetration below this oxic layer is
food availability. According to Heip (1995) 89o/o of benthic secondary production would be limited to
the sediment surface in the case of high amounts of fresh non-reworked phytoplankton detritus
deposition.
Freslt chloropigments, organic matter and micro-organisms in Factory Cove were strongly
concentrated in the upper layer with C:N ratios much lower in the upper 3 crn compared to deeper
layers (the increase in C:N ratios with depth could be ascribed to a decrease in the contribution of
diatoms to the POM pool). Yet it is acceptable to state that the meiofauna at Factory Cove was
attracted to better food conditions in the surface layers.
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Structuring by food evailability was not only mirrored by the difference in abundance between upper
and deeper layers, but also enduced a seleciivity among the genera and trophic gullds of the
nematode assemblages between the two sampling sets. COVE 1 was the richest sediment in terms
of food content-probably associated by a reoent settlement of an intense algal bloom. The epistratum
feeding Aponema dominated these sediments. Seemingly Aponema acted as an opportunistic genus
taking advantage of the high availability of freshly deposited or in situ benthic diatoms. The densities
dropped significantly when fresh food was not in excess anymore (e.9. in COVE 2). Dafronema, on
the other hand, took profit of all kinds of microbial food (fresh and older), sufficient in the surface
layers of both sample sets. With its non-selective behaviour this genus seemed not to be restricted to
recent deposited food, hence keeping the densities stable between COVE 1 and COVE 2.
Such selec{ive utilization of sources of organic matter (e.9. fresh phytodetritus and benthic primary
production versus older detritus) was also recognized by Rudnick (1989) who found a selective
preference of meiobenthos for certain depth horizons according to the type of available food.
4.5. Conclusion.
The meiofauna in the sediments of Factory Cove is characterized by a high standing stock
and low diversity, and is sharply distributed along a distinct chemical driven vertical zonation of food.
These structural features agree with characteristics of fine sediment communities in advanced stages
of eutrophication. This must have originated from the typical high input of organic sources during the
Antarctic summer season.
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CHAPTER 5.
The seasonal varying biotope of Signy lsland :
implications for meiofaunal structure
5.1. Introduction.
Studies of temporal fluctuations in shallow water meiobenthos in temoerate (North Sea: Juario
1975; Boucher 1980,1983; Wanrvick & Buchanan 1971; Mediterranean: de Bov6e & Soyer 1974;
Guidi-Guilvard & Buscail 1995; Rhode lsland: Rudnick ef a/. 1985) and suboolar (Alaska: Fleeger ef
al. 1989; Kerguelen lslands: de Bov6e ef al. 1983; Bouvy 1988; Bouvy & Soyer 1989) regions found
that abundance and biomass vary seasonally over the year. Environmental factors that were
proposed to structure the meiofaunal pattems included temperature (Juario 1975; Bouvy & Soyer
1989), physico-chemical regime (Guidi-Guilvard & Buscail 1995) and trophic dynamics of the
environment (Rudnick ef a/. 1985). However, the regulation of abundance within a given site was
sometimes poorly understood, despite the predictable trends in the environment (Fleeger ef a/.
198e).
Nematodes, a significant (often main) component of the meiofauna, prey on microalgae and bacteria,
bioturbate the sediment (with bunowing activities), enhance recycling of bacterial material, and return
accumulated nutrients to the ecosystem (Heip ef a/. 1985). Despite their importance, information on
annual variation in abundance and composition within this taxon remained scarce, and is, to our
knowledge, limited to temperate regions (Juario 1975; Boucher 1980, 1983; Vincx 1989).
The cunent question arises how does the interstitial fauna behave throughout the Antarctic seasons,
and how do populations react to extreme ecological situations and events typical for the Antarctic
ecosystem. Among these events, the low temperature and the marked seasonal organic input of the
blooms into the sediment are the most probable ecological regulators for the structure and
functioning of the entire Antarctic food web (Clarke 1988).
In agreement with the fragmentary knowledge on the ecology of Antarctic meiofauna, investigations
on the seasonal variations of number, biomass and composition are lacking. Previous work on the
influence of biogeochemical benthic features on meiofaunal structure in the nearshore marine
ecosystem at Signy lsland demonstrated that very high standing stock, low diversity and shallow
depth penetration in the sediment column may have occurred because of the high nutritive and
reductive character of the benthic environment (Vanhove et al. in press). The temporal dimension
could, however, not realistically be interpreted in the sampling design (e.9. as the study was canied
out during the austral summer only).
This first vear+ound studv on the ecoloov of meiofauna in the Antarctics, covering two austral
winters and the intervening summer from April 1991 to November 1992 is designed to answer the
following two questions: (1) what is the seasonal pattern of meiofauna community size and structure,
and (2) how strong is the influence of the temporal changing environment on the structural
characteristics of the meiofauna taxa, and on the biomass, generic, trophic and age composition of
the nematodes.
A prioriwe expect that the metazoan meiofauna will experience a fundamental temporal change in
the trace of environmental variability. Yet this study will confirm the assertion of Clarke (1988) that
all levels of the Southern Ocean food web are influenced profoundly by the seasonality of the
primary production.
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5.2. Material and methods.
5.2.1. Area and period of investigation.
As part of an integrated British research programme, the metazoan meiofauna and the
surounding sediments were studied at Signy lsland, South Orkney lslands, Antarciica (60'43' S, 45o-
38'W, Figure 5.1.). The pelagic off this site has been extensively monitored, revealing a long-term
dataset of sea water temperature, ice cover, macronutrients and chlorophyll standing crop (Whitaker
1982;Clarke ef a/. 1988; Leakey et al.1994: Clarke & Leaky 1996).
A fixed station at 10 m depth near Outer Mooring in Factory Cove was chosen at which from April 27,
1991 till November 10, 1992 (Iable 5.1.), duplicate cores (intemal diameter 3.6 crn, total tength 10
cm) were taken for meiofauna enumerations and identifications, and one core (intemal diameter 3.6
cm, total length 10 cm) for the analysis of sediment texture and particulate organic matter (carbon
and nitrogen). A fourth core (internal diameter 6.0 cm) for chloropigment (Chl-a, Chl-c, Fucoxanthin,
p-carotene) or dissolved organic carbon (DOC) content was taken during the first 11 months of the
time series. Sampling was done randomly with the cores within close proximity to each other. In
open-water periods (summer) samples were taken by SCUBA diving from an inflatable boat at the
buoy marked site; in winter this happened through a hole cut in the fast-ice. Although regular
fortnightly samples have been taken, coverage was not even, refleciing the difficulty of sampling
when, for example, unconsolidated pack-ice prevented both boating and snovv-mobile travelling.
To simplify discussions the year is divided into four 'artificial' Antarc{ic seasons. Earlv Summer-
October, November and December-is the time coinciding with melting processes of sea-ice, usually
introducing the spring blooms. Late Summer-January, February, March- a time of long days of
sunlight, relatively storm free, and a marine environment relatively clear of ice. Early Winter-April,
May, June- could be assigned fall as well, a transition period to winter with an accompanying
decrease of period of sunlight, inclement weather, and inceasing sea-ice concentrations. Late Winter-
July, August, September- a season essentially of darkness, solid ice-cover, and extremely low
productivity.
The temperature and ice conditions in Factory Cove during the period of this study were ouilined in
detaif by Clarke & Leaky (1996). In short temperature varied between -2.O "C (Jul '92) and +0.2 'C(Feb '92). Although the annual range was very small, the integrated thermal environment (degree-
days above -1.5"c) influenced, together with many other factors sea-ice formation and break-up. The
sea-ice was, apart from being highly seasonal, very variable from year-to-year as well. ln 1991 fast-
ice started to form in May and grew in thickness and strengrth to a maximum of 100 cm in late
October, until sea temperatures started to rise. During early summer, when ice had lost in
dimensions and strength, a strong storm resulted in all the local fast-ice blowing out to sea in the
second half of December, rather than melting in sifu. ln 1992 a somewhat similar scenario was
observed, though sea-ice was less thick (e.9. max. 80 cm) and duration was much shorter (e.g. from
23rd May till October). The periods of sea-ice oover were indicated on the graphs of annual
variability (see results).
5.2.2. Meiofauna and nematodes.
Meiofauna was extracted from the formalin (buffered; 70"C; 4 o/o final concentration)
preserved, bulk sediment samples by decantation, centrifugation, passing through a 1 mm sieve and
retaining on a 3Epm screen, according to Higgins & Thiel (19E8). The metazoan meiofauna was
counted after staining with Rose Bengal. In the case of very high meiofauna abundances (observed
by the high numbers of specimens from the entire sample in a single quadrat of the count dish),
subsampling was done by pipefting three aliquots of 25 ml from a homogenized 250 ml
sedimentArater sample (indicated in Table 5.4.). The entire samples were then manipulated for the
biomass measurements and identifications of the nematodes. Approximately 200 randomly chosen
specimens were picked out and mounted in glycerine slides (cf. Seinhorst 1959). The weights were
determined from dimensions of length and width, using the adjusted method of Andrassy (Soetaert
1e89):
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dr-r weight = (W'*L*1.13r0.25yf .9
/: maximum body width
: body length
1.9: empirical value
l.l3: specific gravity
0.25: dry/wet weight ratio
ldentifications were done based on the pictoral key to the nematode genera of platt & Warwick(1988). The nematodes were classified into four feeding groups according to Wieser (1953),
distinguishing selective (1A) and non-selective deposit feeders (18), epistratum feeders lZAy anOpredator/om nivores (2B).
5.2.3. The benthic environment.
Samples for sediment texture were vertical sliced into 0-2,2-5 and 5-10 cm horizons.
ovendried for 10 h at 60'C before storage, and redried for24 h at 60'C priorto analysis. A Coufief
LS Particle Size Analyzer was used to characterize the granulometry of the sand traaion (61.7-gO0pm), and pellite (silt + clay) content (0.4-62 pm), sorting coefficient and skewness of the total
sediment (0.4-900 pm).
A subsample of each sediment slice was used for the determination of total organic matter(elementaltotal carbon and nitrogen, TC and TN) on a Carlo Erba NA-1500 analyzer. To determine
the amount of inorganic carbonates, the same samples were analyzed with the Carlo Erba NA-1500
analyzer, but after acidification with HCl. The difference between the two measurements was the
amount of inorganic carbon. Mineral carbon represented a negligible fraction of the total carbon and
ammonium nitrogen was the dominant form of mineral nitrogen (Vanhove et al . in press).
As a measure of microalgal biomass the concentrations of plant pigments (e.g. chlorophyll a and c,
p-carotenes and fucoxanthin) were determined using the upper 0.5 cm from verticat sliced sediment
cores (frozen at -80' C, stored at -20' C). Measurements were essayed on thawed aliquots filtered
onto Whatman glass-fiber filterc and extracted in 90o/o acetone on a Gilson HplC-chain(fluorometrical and UV-visible detection) according to a slightly modified method of Mantoura &
Llewellyn (1983). Dissolved organic carbon was measured on pore waters extracted under N2
atmosphere of entire thawed sediment cores and measured on a SKALAR (SK-12) DOC/TOC-
analyzer.
5.2.4. Data analysis.
The matrices of taxon densities (amphipods, bivalves, harpacticoid copepods, nematodes,
ostracods and turbellarians), totaldensity, total biomass, median individual biomass and percentages
of the dominant genera were each analyzed by means of a 1-way ANOVA to determine whether
there were significant differences between the samples (time scale of about two weeks), months and
seasons, and within the seasons (early winter 1991, late winter 1991, early summer 1991, late
summer 1992, early winter 1992, late winter 1992, early summer 1992). Between sample variance(mean of two replicates) of the population densities and biomass was significant higher than within
sample variance (between replica's) at the 5olo significance level (Kruskal Wallis test, -siegel 1956).
Hill's diversity indices were calculated from the nematode genus composition (Hill 1973). This set of
indices incorporates the Shannon-Wiener divelsity index (e.g. N1 is the inversed natural logarithm of
this index) and Simpson's dominance index (e.9. Nz is the reciprocal of this index). Ns is equal to the
number of genera in the sample and N*rnt is the reciprocal of the proportional abundance of the
commonest genus. The indices differ in their tendency to include or to ignore the relatively rarergenera (Heip ef a/. 1988).
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Environmental impact was tested with a Spearman Rank conelation analysis (Sokal & Rohlf 1981)
on meiofaunal variables (density of amphipods, bivalves, harpacticoid copepods, nematodes,
ostracods, turbellarians, total meiofauna), and nematode parameter (median individual and total
biomass, genus, trophic and age composition, diversity numbers), sediment features (total organic
carbon and nitrogen, sediment texture, chloropigments, dissolved organic carbon), sediment trap
data (chlorophyll, phaeopigments, dry mass, ash and AFDM, carbon and nitrogen), and water column
variables (temperature, ice-cover, micro and nano Chl-a and respec{ive phaeopigments). The latter
two sets of variables were disposable from British Antarctic Survey Qnrs. comm., A. Clarke).
For all statistical analyses, the .05 significance level was used as the rejection value by convention.
5.3. Results.
For the classification of the genera see appendix 1
For raw data see:
Appe ndix 6: Tem poral variability within meiofaun a comm unities.
AppeMix 8: Nematode size measurements, Signy.
5.3.1. Environment
The sediments consisted of moderately sorted, very fine sands (62-125 pm), with little shifting of
particfe sizes (median grain size range: 73-95 pm; standard deviation: 0.71-1.00; both of total
sediment) and a mean organic loading of 0.5 %C and 0.03 %N. Dissolved organic carbon (DOC)
varied between 340 and 1040 mg l-' (Iable 5.1.).
TaNe 6.1.: Dssolved orga nic carbon (mg tt ) aN chloroggment concentrations (pg ti' ) in the sddin:rin9 of Factory Cove : mean of
2 repllcafes t SD.
Sampling date
27t1lg1
1U6t91
28t6t91
11t6t91
281619t
1217i',1
28n'91
10ar9t
23t881
5r9r91
2019191
'U10Ai
17t10t91
1lt11t91
28t11t91
13t12t91
27112t91
10t1t91
22j1t91
st2ts1
26t2t91
DOC
1037 ! 571J
528 t 118.2
630 r 385.4
938 r 1t148.0
639 ! 248.6
312 ! 182.7
851 r 768.5
594 r 56.4
919 r 591.2
598 t 663.7
786 r 693.3
Chle Fucoranthlns Chl+ p.carotenes
26t2.8 13r2.6 7!1.7 9t1.7
31 r 13.3 14 r 5.1 10 t 8.3 10 r 3.4
18t'f.5 7t1.1 1!1.2 5t1.0
28 !2.6 13 ! 1.2 7 !0.7 9 t 0.8
3r0.3 2!0.0 1!0.1 1r0.0
14!11.1 6t6.8 
'l!3.5 413.9
27 !6.1 12 !2.5 8 r 2.0 I ! 1.7
23x20.4 13r6_3 8!4.2 9t1.2
58 t 16.2 28 t7.8 16 t 3.4 19 r 5.2
'[9 t 33.5 26 t 11.6 13 t 6.5 18 t 7.8
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Seasonality in the organic carbon and nitrogen readings from upper (0-2 cm), middle (2-5 cm) and
deeper (5-10 cm) sediment horizons showed-although not very clear, and especially in the upper
layers- low carbon values during the ice-covered period (0.3-0.5 o/o), and apart from the late winter of
1992, peaks (0.9-1.1 o/o) were closely associated with the disappearance of the fast-ice (Figure 5.2.).
Chloropigment variation (Iable 5.1.) synchronized organic matter fluxes: being fairly stable from May
till August (austral winter values of about 30 pg Chl-a g-' sediment), the concentrations suddenly
decreased with an oder of magnitude at the middle of the ice-covered period (Sep 1991), and then
gradually increased again to a maximum of 60 pg Chl-a in summer (Jan 1992). Albeit DOC
concentrations were very variable during the entire monitored period, a very low value in Sep 1g91
(342 mg l-1) paralleled late winter minimi of the other trophic sources (Iable 5.t.).
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Ftgure 5.2. : Vaiation in organic catbon (mass %) in the 0-2 (bdd line), 2-5 (astaisk) and 5-10 (open cirde) cm core
secfons and organic nitrogen (rnass %) in the 0-2 cm hoizon; S, Summe4 W, Winte7 the periods of ice cover are rcpresented by
the two rcctangles
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5.3.2. Meiofaunal composition and nematode biomass.
Nematodes (on average 82olo), followed by harpacticoid copepods, ostracods and turbellarians
were most abundant among a low total of 10 higher taxa Oable 5.2.). Others were bivalves and
amphipods, occurring in low proportions, an^d a remainder of polychaetes, gastrotrichs and
halacarids, with only a few specimens per 10 cm'.
Table 5.2.: Meiofaunal taxon number, relative prcpoftion of nematodes, harpacticcids, osfracods and turbellaians duing the
sampfing peid.The values are averaged over fwo reficates. Ihe asfelsks indicate where a subsampling was peilonned.
Taxon number % Nem % Harp % Ostr % Turb
27t4tS1 '
1U6tS1 '
28l5lg1 ' early Winter
r116191 '
26l6t91 '
7.0
6.5
7.0
6.0
7.5
84
s2
93
90
90
11
4
5
5
6
5
1
2
1
3
0.3
0.1
0.3
0.0
0.2
12X7,91 ',
28np1 *
10r8r9r *
2318191 ' late Winter
5r9r91
20t9r91 '
6.0
7.0
4.0
4.5
7.0
7.0
80
84
85
8l
58
86
11
11
12
11
38I
8
1
1
7
1
1
0.0
0.0
0.0
0.0
0.0
0.3
4r10r91 '
17'10t91',
11t11t91',
28111191* early Sunrner
13t12|J01
27nAg1'
7.0
6.6
7.0
6.5
8.0
6.5
82
87
89
75
86
73
7
8
7
17
8
22
10
1
1
7
6
1
0.2
0.1
0.2
0.5
0.0
0.5
10t1t92 '
2Atg2 ',gl2lg2 late Sunrner
28n$2',
7.6
9.5
8.5
8.0
77
85
62
78
17
10
31
18
I
1
6
4
0.5
0.2
0.3
0.0
16t1Ft2
4l6ls2 r
1515192 ' early U\linter
29t6,t92 '
1316192 '
5.0
5.0
6.0
5.5
5.0
68
90
87
65
83
29
1
8
18
11
3
7
4
t6
6
0.1
0.0
0.1
0.0
0.0
1t7t!r2 t$n,92',
28t7t!t2 ',15,8Nr2 late Winter
27t8t92 ',
11tStS2
28t982'
tf.0
4.0
5.0
4.5
5.0
6.5
4.5
u
83
90
91
73
86
67
12
5
5
3
10
6
11
1
12
6
6
17
7
22
0.0
0.0
0.0
0.0
0.0
0.1
0.0
7t10tg2 '
271108 2' early Sunrner
10t11tttz'
4.5
5.5
5.5
96
76
78
1
14
12
3I
10
0.0
0.0
0.0
The total meiofaunaldensity fluctuated between 0.7 and 18.8 106 ind. m-2 (average 6.2 101 and total
biomass between 0.2 and 13.3 g dwt m-'(average 1.4 g m-'; 0.6 gC m-'; lFigure S.3A & B). The
median coefficient of variation for total density among the replicates was only 9%. In contrast to total
biomass (p > .05), total density was significantly different between the samples (rv weeks) and
months (both p < .001). This was mainly due to harpacticoid copepods (adults + nauplii) and
nematodes.
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Flgure 5.3. : A : Tatat dens-ty (no 10 cm-2 x SD, n=2) ancl totat biomass (yg 10 cm'2) with indcation of fasj, ice (rcctangles in
center); S, Summec W, Wnter.
Seasonality. Early winter (May-Jun) recodings of total density and biomass in 1991 were very high
and distinct from other seasons (respec{ively, p < .05 and < .001). They declined sharply to a
minimum in the middle of the ice-covered period (p < .O5XFigure 5.3A & B). A new though less
obvious increase was enregistered at the start of the summer (early summer records of density and
biomass were not significant different from the other seasons), followed by the establishment of a
'dynamically fluctuating equilibrium' slightly above 5000 individuals and 500 pg dM per 10 cm2. By
the complete disappearance of fast-ice (Dec 1991) strongly oscillating values characterized the
meiofauna communities in Jan and Feb.
During the second year total density did not obscure a clear temporal pattern (p > .05). Seasonality in
total biomass was less pronounced than in the previous year, though again higher values in early
winter, followed by a decline in late winter, and a rise at the start of the summer were visible (p <
.01).
As a consequence of their high relative contribution to total numbers, nematodes strongly followed
the pattern of total density (Figure 5.4A), though parallel trends between the two years were stronger.
The harpacticoid copepod pattem (uveniles and adults combined, Flgure 5.48) was sinusoid.
Maxima of adult copepods were situated on Apr 27 ot 1991 and on Feb 26, Jun 13 ot 1992. Nauplii
and copepodites were present throughout the year, but occuned in highest proportions during ihe
summer season (e.9. Dec 27 until Feb 26 1991/92) (separate graphs not depicted). The ostracods
exhibited no obvious temporal pattems at all, mainly as to the high variability between the replicates(Figure 5.4C) (e.9. the coefficient of variation ranged between 2 and 7060/o, with an average of 4/vo).
Turbellarians, again, showed a sinusoid distribution with a minimum in mid-winter and highest values
in ice-free periods (Figure 5.4D).
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Ftgure 5.1. : Abundance (no 10 cm't SQ 2= the pooled number of replicates per month) of the 4 major taxa (nematodes,
harpacticcid copepods, osfracds, tuheilaians); scale of ordnate varies with taxon; S, Summer; W, Winter the shaded areas
reprcsent the peiod of ice cover.
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Table 5.3.: Summary d the prcbabffity levels of the l-way ANOVA on differences in meiofauna within the Antarctic seasors .' fofal
density, taxon densities, indiidual nematode biomass, total nematode bionress.
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Meiofauna
Total density
harpacticoids
nauplii
nematodes
ostracods
turbellarians
0.6. 0.001
***
o.270 :0.m"' :o.o1g.
.* t .t
10.m1 " io.8m
Nematodes
Individual biomass
Total biomass
0.013'
0.m2'
0.813
0.m7'
0.520
o.2m
io.2m io.01o.
io.mz'' io.oao.
o.so
o.m4
o.4
0.s
Variability in density and biomass was generally high in winter (p < .05, Table 5.3.), and highest in
late summer (p < .000 and .002 for total density and biomass respeclively), indicating that temporal
variability occuned al a small time-interval of a few weeks during these seasons. Only in the early
summer of both years these differences were not significant (p > .05).
The individual nematode biomass (mean and median; Figure 5.5.) varied between 0.1 and 1.4 Ug
dwt. Significant differences were found between the samples (= on a scale of weeks) (ANOVA, p <
.05), but changes were not significant anymore between the months (p > .05), and less pronounced
between the seasons (p < .05). This was mainly because of distinct values in early winter of both
years (May-June) and late summer (Jan) of the second year, where episodic large sizes prevailed (p
< 
.05, Table 5.3.).
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Figure 5.5, : Mean (asteisk) and median (circles) individual nematode biomass (1tg drt indl ) duing the cource of the study. Each
pcint reprcsents the averege of about 4OC) naasurernents (poded reflicata data); S, Surrmer; W, Wnter the pncdls d ice cover
are addecl.
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Relation with the environment. Conelation analyses Clable 5.4.) revealed that meiofaunal variables
were not related to the detrital sources in the sediment and only weakly to median grain size (e.g.
only turbellarians and taxon numbers). Scattered positive relations were observed with food in
sediment traps (e.9. bivalves, turbellarians, harpacticoid copepods and total density), and more
consistent positive relationships were recognized with the temperature of the seawater, and pigment
concentrations in the water column (e.9. harpacticoid copepods, ostracods, turbellarians, total density
and total biomass were mainly conelated with nano chl-a).
Table 6.4. : Prcbability levels of the Spearman rank conelation between meiofauna and respctively sediment (Cht-a, fucoxanthin,
Ct?/-c, &.carctene, organic cerbon and nitrcgen, mectran particle size, skewness, petite), sednnnt trap (chtotwhyt,
phaeogigments, dry mass, ash free dry mass, catbon and nitrogen) and water column (tempenfurc, nicro Cht-a, micrc
phaeofigmenb, nano Chl-d and nano phaeofigmenb); N=10-20; utly the enirutmental vaiables with significant plevels were
retained; sediment trap and water column ddta were obtained frcm Clarke (BAS, Cambridge).
p <.05 .05<p<.01 .01 <p<.001
5.3.3. Nematodes.
A total of 28 genera were recognized on 14 581 nematodes (on average 1g7 per
replicate) collecled fortnightly over 18 months during 1991/1992. A list of these genera ranked in
descendlng order of dominance is given in Table 5.5. Only six genera -Daftonema, Aponema,
Neochromadora, Sabatieria, Microlaimus and Chromadorita - proved to be highly abundant (higher
than 2 %), together comprising 97 o/o ol the total nematode population. The dominance structure
prevailed during the entire time transect (Figure 5.6.).
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Ftgure 5.6. : Compaison of the rclative composition (mean oA of two cores) of the six peduninant nematode genera (Aponema,
Daptonema, Neochrcrnadora, Micrdaimus, Sabatietia, Chromadorita) in the sediments of Signy tstand duing the cource d the
temporal study; S, Surnmer; W, Wnter.
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fable 5.5.: Ran4ng of the nematode genera netieved in the sediments of Factory Cove during the samfling peiod.
Daptonema
Neochromadora
Sabatieria
Microlaimus
Chromadorita
Spha*olaimus
Dichromadora
Calomicrolaimus
Leptolaimus
Desmoscolex
Molgolaimus
Camacolaimus
Odontophora
Southerniella
Orystomina
Ascolaimus
Marylynnia
Terschellingia
Epsilonematodae spec.
Paramesonchium
Gammanema
Syringolaimus
Paracanthonchus
IB
2A
2A
1B
2A
2A
28
2A
2A
1B
1B
A
A
1A
IA
2A
2A
1B
1A
1A
1B
2A
1A
1A
2A
28
28
2A
alo
34.96
u.12
12.05
11.55
2.19
2.08
0.62
0.61
0.50
0.4
0.29
0.05
0.06
0.0t1
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
100
Most of the genera looked monospecific, except for Sabatieria and Microlaimus. ldentifications were,
however, hampered because the systematic criteria for pufting a name to the species were not
completely fulfilled (e.9. length measurements and ratios like body length/diameler, body
length/oesophagus length, body lengthltail length were not conform with any of the described species
in literature). Therefore, many species may be new to science. Tentative names were:
All further discussions were restricted to the generic level of organization.
A trophic study revealed that 51 Vo of all nematodes were epistrate feeders (2A group) and 47 o/o trotr-
selective deposit feeders (18 group). The remainder was almost entirely composed of omnivores (28
group), mainly due to Sphaerolaimus. Selective deposit feeders (group 1A) were only scantily
represented by Leptolaimus, Desmoscolex, Southemiella, Oxystomina, Terschetlingia and
Epsilonematidae gen. (Iable 5.5.).
1. Daptonema spec.nov: a species with shared characteristics from Daptonema, Gonionchus and
Metadesmolaimus
2. Apnema forosus
3. Neochromadora cf pecilosoma or poecilosornordes
4. Sabatieria att. breviseta, pulchra-group (recognized characteristics were: conspicious precloacal
supplements, cuticularized bar on cuncus of gubemaculum, ventro-sublateral pair of cervical setae,
anterior group of more closely situated
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as a percentage of the total was highly variable during the course of the time study (Figure 5.6.). This
was confirmed when recalculated to population densities as well (Figure 5.7.). No clear seasonal
trend was discernible, as within short periods (! weeks) genus densities of Aponema, Daptonema,
Microlaimus and Chromadorita augmented to episodic peaks irrespective of season (ANOVA, p <
.05). Only Sabatieria, and to a lesser degree Neochromadora, deviated slighly from ihis
heterogeneous trend by revealing a sinusoid density profile during the first year (ANOVA on
differences between monthly absolute and relative numbers of these two genera, p < .05).
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Figure 5.7.: Temporal vaiabw of the population numbers (mean no of two 10 cm2 cores) of the six predominant genera
(Aponema, Daptonema, Neochromadora, Micrdaimus, Sabatieia, Chromadorita) in the sediments of Signy /s/and; S, Summer W,
Wnter; the shaded area represents the period of sea-ice cover.
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The average densities per month of the four feeding types were given in figure 5.8. As the
abundances of selective deposit feeders (1A) and predators/omnivores (28) were anomalously low,
their densities were poorly vlsible in the graphs. The other two trophic mtegories (epistrate and non-
selective deposit feeders) switched in ranking over the annual cycles, with the epistrate feeders (2A)
generally prevailing over the non-selective deposit feeders (1B). Both trophic types showed
heterogeneous peaks without clear seasonal trend. Strikingly, at the start of the time series, the
densities of epistrate feeders exceeded any other number over the entire sampling period.
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Figure 5.E. : Absolute (no 10 cm-') and relative (%) vaiation in trophic composition of the nematode communities duing the time
cource of the study; 2A: egistrate feeder, 18: non-selective deposit feeder, 1A: selective deposit feeder, 28: predator/omnivore;
data presented are the mean of two sediment cores.
The nematode community was also examined according to life stage/sex 'cohorts' (e.9. juveniles,
non-gravid and gravid females, males) (Figure 5.9.). The four categories were encountered
throughout the year and juveniles dominated within the range of 14-59 o/o (mean : 42 o/o). Ther
numbers tended to be low in May/Jun 1991 and were followed by a minimum in total nematode
density in Aug/Sep (Figure 5.4A). Maxima in gravid females (specimens with eggs in uterus) (e.9.
during Aug 23 and Nov 14) were also followed by maxima in juveniles (e.9. during Sep 20 and Dec
1 3).
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FSure 5.e. : Relative frequency distribution (%) of tour cohorts Auveniles, non.grcvid females, gravfud females, males) within the
total nemaMe conmuni$ duing a nine month peiod in 1991. Data presented are the mean of two replicdte corcs.
Downloading of the 'cohort' analysis to the six numerically predominant genera (Figure 5.10.)
similarly showed rather unclear fortnightly population pattems with high heterogeneity on a small time
scale. The only consistent observation was that the percentage juveniles were lower during winter
(tor Aponema: May, Daptonema: May/Jun, Neochromadora: MaylJun, Sabatieria: Jul, Chromadorina
and Microlaimus difficult to see). In addition, Neochromadora appeared to have a more sinusoid
seasonal cycle with a distinct recruitment period in early and late summer (OcUNov). Some similarity
occuned with Sabafibna, though the relatively low presenoe of gravid females disabled the
recognition of clear seasonal paftems in the life history.
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Figure 5.10. : Relative frequency distibution (oA) of four cohofts Auveniles, non-graid females, gravid femates, mates) within the
six predominant genera (Aponema, Daptonema, Neochromadora, Microlaimus, Sabatieia, Chromadorita) duing a nine month
peiod in 1991. Data presented are the mean of two replicate cores.
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Diversity, as determined by Hill's diversity numbers (Figure 5.11.), indicated for very fluctuating
genus richness (Ns between 9 and 14) towards rather stable dominance diversity (Nim between 1 and
4) on a temporal scale. No seasonality was apparent.
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Ftgure 5.ll: Hill's diveety numbers of order 0, 1, 2 and a, on about 200 randomly nematodes per corc reflicate lor ail repficates
of the time seies 1991/1992. Values on the y-axis are numbers of genera.
Relation with the environmenf. Probability levels of the Spearman rank correlation between
nematode genera and the sedimentary environment (Rrst set of environmental variables in Table 5.6)
showed scattered observations (e.9. negative conelations between Microlaimus and pigments,
positive corelations between Neochromadora, Chromadorita and particulate organic matter, and a
positive association of Microlaimus with median grain size). Juvenile relationships with the benthic
environment were completely bluned (p always > .05), whereas males of Neochromadora and
Microlaimus corresponded positively with chl-a, and gravid females (indicated as fem+) of Aponema
and Daptonetna were negatively related with organic matter. Diversity numbers and trophic
categories were related with organic matter.
When relating the same nematode variables with sediment trap and water column data striking highly
significant conelations were obtained mainly between the epistrate feeding Microtaimus,
Chromadorita, Neochromadora and organic matter caught in the sediment trap. These associations
had a negative sign for the first and a positive sign for the other two genera. Also Dapfonerna was
positively related with food particles in the sediment trap and water column, in contrast to the lack of
any relation of this genus with benthic food.
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Table 5.6. : Probaw levels of the Spearman Rank conelation between nematde vaidMes and rcspctively sediment (median
grain size, chl-a, chl-c, fucoxanthin, &carotene, d,bsorved otganic cafton, pafticulate organic cafton and nitrogen), sediment trap(phaeopigrcnts, ctry mdss, ash frce dry mass, cafton and nitt9gen), and water cdumn (,ricto chl-a, micrc phaeopigments, nano
phaeopigments); l,l=10-20; onV the vaiailes with significant plevals werc retained; sediment trap and water column datd were
obtained from Clatue (BAS, Cambidge).
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5.4. Discussion.
5.4.1. Seasonality in the benthic environment.
ln essence pelagic activity at Signy lsland occurs through a summer bloom (Dec and Jan) of
large diatoms and colonialforms, superimposed on a less intense but longer nanoflagellate bloom. At
the heart of the winter nanoplankton chlorophyll concentrations otten exceed the microplankton
chlorophyll concentralions which are generally very low (0.05 mg m-') (Clarke ef a/. 1988; Clarke &
Leaky 1996).
However, two unusual summer seasons characterized the current sampling period:
1) next to the normal diatom bloom in the summer season of 1990/91 (16 mg m-J, a small
supplement of microchlorophyll (2.1 mg m-) was added to the early winter waier. niving'a different
species composition from the spring bloom, this mini-bloom peaked in the period preceding our
sampling (in March 1991). Superimposed, there was a long-lived nanoplankton production prevailing
from from early summer 1990 to early winter 1991;
2) the 1991192 summer season was the only since 1972 that had tvro consecutive microchlorophyll
blooms with peaks of 17.5 and 11.5 mg m-" in, respectively, early 
.summer (Nov/Dec) and autumn(Mar/Apr). Furthermore, two nanoplankton peaks (1.75 and 1 mg m-') before the appearance of sea-
ice minored the two blooms in the microplankton size fraction (Clarke & Leaky 1996).
A spearman rank analysis between all avallable environmental variables of food (fable 5.7.)
expressed conelations between the benthic pigments from our study, and sediment trap and water
column variables from the study of Clarke & Leaky (1996). This held not for total organic matter (IC,
TN), and conelalions occuned mainly with the nanochlorophyll fraction (: flagellates). Peaks of
benthic food followed also maximum settlement rates of chlorophyll and phaeophytin in the sediment
traps (* diatoms) with, however, a delay of a few weeks (not depicted).
Table 5.7.: Probability levels of the Sparman rank conelation between detrital swrces in the sediment (Cht-a, fucoxanthin, Cht-c,
B-carotene, organic cafton and nitrryen) and rcspectively sediment trap (chlorophyll, phaeogigments, dry mass, ash free dry
mass, carbon and nitrogen) and water cdumn (micro Chl-a, micro phaeoFigments, nano Chl-a and nano phaeogigments); N=10;
sediment trap and water column data were obtained from Clarke (BAS, Cambtidge).
Sediment trap Water column
chl Phaeo dwt AFDM N c micro
Chl-a
micro
phaeo
nano
Chl-a
nano
phaeo
Chl-a + + ++
Fucoxenthine + + + + +++
Chl+ + ++ + + ++
B€arotenes + + + + +++
TOC
TON
p <.05: + .05<p<.01:++ .01 <p<.001:+++
All together this indicates that production and deposition events described above can be tracked in
the sediments, with some weeks of delay for diatom blooms, and no visible delay for flagellate
blooms, the latter mainly due to its long production period (Clarke & Leaky 1996). This confirms the
findings that pelagic rapid growing cells, including diatom resting spores and sea-ice algae, setfle
periodically from the water column without being grazed in situ (Gilbert 1991b, Nedwell ef al 1993),
in contrast to the slowly, almost continuously, settling pelagic flagellates (Smetacek 1984).
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By converting Chl-a data to carbon equivalents (C: Chl-a of 40:1, de Jonge 1980), the fraction of
sediment organic carbon represented by algal materialwas calculated (fable 5.8). Low values in Sep
(4olo, Sep 5) were indicative for a low nutritional status of the environment during late winter, whereas
in summer (Jan22), when algalcellswere actively dividing, nearly 50 % of the organic record in the
sediments was induced by chlorophyll input.
Table 5.8.: Calculation of the percentage of the POC pool aftibuted to Figments in the sediments of Factory Cove; values of
organic cafton werc only from the upper two centimete6 of the sectrment core.
Chl-a TC Ghl-a : TC
c o-rCo'' mqCo'' o
1416191 I t.u 7.w2 't4.7
116191 | t.zn 6.7s7 't8,4
1217191 I o.tz s.M 13.3
10l8l91 | r.rz s.Bs 1e.o
5/9/91 I o.rz 3.126 3.8
0/91 | o.so s.80e e.5
2E111191 | r.m 6.si3 16.6
27nAY I o.sz 4.82 1B.B
2.32 4.96 $.7
1.96 5.31 36.9
Despite the high contribution of algae, still a great deal of the POC pool was not covered, and C:N
ratio's based on weight values of TN and TC were high compared to similar ratios in the sediment
traps (Iable 5.9). The latter are indicative of phytoplankton derived organic matter (Iyson 1995),
which in tum reflect some state of detrital decomposition in the sediment. Such processes occurr
very rapidly by microbial oxidative respiration and sulphate reduction, tightly following the seasonal
trace of depositional fluxes (Tanner & Herbert 1981; Nedwell et a\.1993). Measured by a bioassay,
peak concentrations of available organic matter, occurred at roughly the same time as detrital
transmission of primary production to the sediment surface, namely in Apr 1991 , Dec 1991 and Mar
1992 (each 9o/o of total carbon, Walker 1993), and presumably in May 1992 and OcUNov 1992. In
late winter the concentrations of available carbon were highly suppressed and remained stable at
aboutTo/o of total carbon (Walker 1993). This was the only period of the year occuning in a state of
trophic resource limitation.
Table 5.9. : C:N ralos of the organic mafter in respectively the sediment trap (T) and sediment (S); ND indicates that organic
nitrogen measurenl€,nts werc bel('w detection level; the data of the sediment trap were calculated from unpublished rcsults (Clafte,
British Antarctic Suruey).
ST sT
1991 A
M
J
J
A
s
o
N
D
8.7 20.8
8.2 3.4
6.7 17.',1
5.9 ND
8.2 12.7
9.2 ND
10.0 32.8
7.O 43.6
7.5 14.8
1992 J
F
M
A
M
J
J
A
s
o
N
7.O 11.5
6.4 13.3
6,0 ND
6.5 ND
5.8 18.5
7.5 27.3
't'7 'l
8.2 13.3
7.5 15.0
7.O 17.3
7.3 22.O
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Another part of the organic matter recovered must have been deviated also from burial of inactive
algal components and inefficient aerobic breakdown of primary food sources as a consequence of
anaerobic conditions (J{rgensen 1982). Especially in the deeper layers (from 2 cm on) detritus was
refractory (Vanhove et al. in press). In these benthic horizons background levels of organic matter
were high all year round and made detection of seasonality virtually impossible. Hence temporal
signals were highly damped below the surface of the sediments and essentially constant throughout
the year (cf Bouvy & Soyer 1989 in a mudflat in the Kerguelen lslands and Nedwell et at.1993 at
Signy lsland).
Summarized, fresh food supply from both in situ production and pelagial deposition, was not only
substantial, but exhibited a long duration as well, leaving the sediments only for a very short period in
in the second half of the winter (Aug/Sep) under trophic limitation.
5.4.2. Meiofaunal responses to the annual dynamics in the environment.
As to the hypothesis of Findlay that systems receiving pulses of directly available detritus
should exhibit population fluctuations closely tied to the rate of food supply (1982), and giving the
seasonal cycle of detrital input and microbial food at the cunent Antarctic site off Signy lsland, a
strong impact on the meiofauna struclure and dynamics, was highly suggestive.
Temporal changes were indeed sometimes very impressive, with distinct highs and lows in
population densities and biomass. Conelations with the environment were restricted to water column
and sediment traps, and mainly pointed towads nanochlorophyll production. However, when shifting
the environmental variables one month later, and repeating the spearman rank analysis on the sami
meiofaunal parameters (Iable 5.10 for benthic food sources and Table 5.11. for pelagic food
sources), a completely different picture arised, indicating that there existed also a delayed response
of meiobenthos to its ambient environment. However, this was much greater to the pelagic than to
the benthic trophic environment. Within the pelagial all chlorophyll categories (micro, nano and pico)
were responsible for the high number of significant conelations.
Table 5.10.: Summary of the Spearman Rank conelation analysis between meiolauna and 1-month delayed benthic enircnmenta!
vaiables; only the vaiables with significant plevels were retained.
C Ors N CN DOC Chla Fuco Chlc Ecar
METOFAUNA 
I
Total harpacticoids | + ++ ++ ++Ostracods | +
NEMATODES I
Median individual biomass | -
'a
Sphaerolaimus | - -
Cohorts
juveniles I - -
gravid females | +Daptonema 
Ijuveniles | +
males | ++ --
Neochromadora I
males | +
gravidfemales | + ++ - + ++ ++Diversity INl | ++ ++ ++ ++
Trophic guilds
1A
28
+ + + or - - - : highly significant : .001 + + or -- : high significant : .01 +or-:significant:.05
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TaNe 6.11.: Swmary of the Spaman RanR comlation analyss between mddauna and l-mwth delayed envircnnnnta! weter
ciltmn and &dn'€/nt trap vaiailes; the envirwvnental data were &taincd fion Clarke (BAS, Canbwe).
WATERCOTUTN SEDITENTTRAP
MEbFAUtIA
Anplipods
fInnffi
AAlt haD.ctcd(b
Jffiile h.rpac{cd&
Tohl lErpactcd(b
Nemabdos
ot|trco(b
Tub€larians
Tobl trFaofam
NEMATOOES
M€dan iixnndd Uormss
Ganan
Oafuna',,d
,r'otl€oE
tlehmtura
Sab.lbb
,ibr&lmus
Chmn'dotib
SrrrrdDbim0s
Dichrwta&n
Ptochrcndo,*
PtotnonhvEE?
E,dtlhqo/f,lmut
Coho.ta
A,ome
ilvuil€G
norFlrlvld fdmlGs
gnvidtmhs
mFs
Dafun''ra
Fr/cdles
tmgnvldfqnab8
gravid f€mal€s
maF6
I'la€,hmtun
ifid$.r
rDn-gravid fdml€B
gravldf6rr'hs
mdes
nbt*imus
iuncriles
noFgravid telnal€sgdidtffih6
ffi
Scb.lblia
,w6ibs
nor|gravid t€nales
grrMd fcnales
mbs
Chrcna(bttu
Jurgibs
rFftlravid fembs
0ravid temhs
mabs
Tobl
lveribs
noalgravtd l€tr€bs
gravid femahs
ma|os
OIY.Ftty
No
Nr
Nr
Nr
Trephic guild!
1A
1B
2A
28
++
+
+++++ +
+
++++
+
++
+
+
+
++
+
++
+
++
+
++
++
++
++
+++
+
+
+
++
+
+
+
++
;
+++
++
++
+
+++
++
+
++
++ ++
++
++
++ + + + +
+
++
+++
+++
+++
+ + ++
+
+
++
++ ++ ++ ++
++ ++
+ + or --: high significant : .01 +or-:significant:.05
Hence, the combination of both types of Spearman rank analysis, revealed a extended set of direct
and one-month{elayed relationships between meiofauna at the environment at Signy lsland. The
relationships will be outlined more in detail in followiong sections.
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5.t1.3. lmpact on meaofaunal standing stock.
Fxtremely high meiofaunal abundanoes were reported throughout the year (annual means 5-
7.5 10'ind.1n-'), with^a peakvalue in May (18.8 10" ind. m-'), and a succession of subordinate peaks
of about 10o ind. m-' throughout the time series. The high standing stocks at the study site were
already discussed in previous report (Vanhove et al. in press) and were attributed to the eutrophic
nature of the biotope. Similarly in this study, meiofaunal standing stock could be related to the trophic
environment, by a direct response to water column nanochlorophyll and delayed responses to all
trophic variables from sediment trap and water column.
Total density and biomass were very high in early winter 1991, shortly after the minibloom of
nanoflagellates and high carbon availability in the sediments; stock sizes dropped then significanily
within a very short time scale, following the winter stop in primary production from May on. One
would expect the significant drop in food production to be followed by an acute resource limitation,
and hence a considerable breakdown of the meiofaunal stocks in late winter. There was indeed a
very pronounced stock size reduction of almost 50% in only two weeks time in the month of May.
Subsequent depauperation occuned until only 10o/o of the initial peak density were reached, and
sfightly more than a poor 1o/o of the initial total biomss remained. So, it is reasonable to conclude that
fresh food availability was limiting for the meiofauna population.
However, two remarks need more attention: (1) even when stocks were drastically depressed,
minimum figures (1.9 106 ind. and 0.19 g dwt m'2,5 Sep 1991) were still comparabtb to average
values in many shallow soft bottom communities (see extensive tables Rudnick ef af. 1985), and (2)
the winter, rather than being a long period of low stocks, was confined to at most two months during
late winter. Both features were probably inlerconnected. Seemingly, population sizes during 'burst'
periods were so high that reduc{ion, although occuning at a fast rate, was not extreme enough to
depauperate the meiofauna communities before a new input of fresh food in spring made a new
increase of the population size possible.
The main reason for this has to be searched in the uncommon character of the pelagic environment
during that season (e.9. 1990/91). As earlier described the strong seasonal variation in the pelagic of
Signy lsland with the short bloom of large microphytoplanktonic diatoms in mid-summer was
essentially prolonged by a second mini-bloom, superimposed on a long-lived nanophytoplankton
production, both inducing a food input into the system to May/June in early winter.
This confirms the findings of Bames, that despite the brevity of the summer peak in diatom cell
numbers, the levels of nanoplankton occurring throughout much of the year may be sufficient for
many benthic suspension feeders, leaving only a very short period of inactivity in their feeding
behaviour during winter (Barnes & Clarke 1994, 1995). Thus, the citation of Bames 'we need to
revise our ideas of a harsh, dark plar winter of low temperatures and long periods of sea-ice cover',
based on the suspension feeding component of the benthos, can now be extended to the
endo(meio)benthic component too.
Interannual variability was high but, during the second year higher total biomass values in late
summer (Jan/Feb) in the trace of the first diatom bloom and high bio-availability of the food in the
sediments (Walker 1993), followed by elevated biomass in earlywinter, lagging the second autumn
bloom, were again confirming the response of meiofaunal standing stock to the ambient
environment. However, fluctuations were much higher resulting in a less pronounced seasonal
pattern, and probably were a result of two blooms, closely following one another (Clarke & Leaky
1 996).
ln conclusion, the major response mechanisms of meiofaunal standing stock were:
1) distinct peak abundanoes, lagging with a few weeks behind peak diatom production (that lead to
excess concentrations of rapidly sinking fresh bio-available food)
2) lower, though still highly fluctuating, stocks during most of the year with immediate and lagged
responses to lower quality nanophytoplankton input (e.9. lower sinking rates allow bacterial
decomposition within the water column, Smetacek 1984)
3) strong reduced stocks with a short duration in mid winter, when food availability was at its lowest.
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Ofcourse response mechanisms of the meiofauna might be more complex, and factors other than
those related to pelagic blooms may have contributed to the temporal variability of meiofaunal
standing stock.
First, rn s,fu microphytobenthic production around Signy^ lsland can be substantial and highly
seasonally variab"le, amounting to slightly over 100 mg C m-'during the ice-free summer, with peaks
of 700 mg C m-' d'' (Gilbert 1991 a). Benthic algae were mostly responsible for the increase in
sediment chlorophyll concentrations in the period prior to the phytoplankton bloom (n Nov/Dec).
Second, meiofauna has frequently been found under the sea-ice (Gross 1982; Carey & Montagna
1982; Grainger & Hsiao 1990). Food requirements may be met by the sedimentation of ice-algae and
faecal material of herbivores grazing undemeath the ice (Sasaki & Hoshiai 1986; Matsuda et al.
1987), and by microphytobenthic production underthe ice (Gilbert 1991b). Such a primary production
beneath the sea-ice was also favourable to the meiobenthos in the Nansen Basin (Pfannkuche &
Thiel 1987).
Third, sedimented and in situ produced organic sources might be directly ingested or become part of
the microbial loop. ln benthic food chains, the microbial communities are an important key, due to
their fast growth and high metabolic activity in association with organic material (Meyer-Reil 1983),
and, along with diatoms, bacteria may belong to the available food for the meiobenthos (Meyer-Reil
& Faubel 1980; Admiraal etal. 1983; Montagna ef a/. 1983, 1995; Carman & Thistle 1985; Rivkin &
Delaca 1990; Epstein & Shiaris 1992).
The respiratory activity of bacterial communities in Factory Cove revealed marked and immediate
responses to extemal food supply and their seasonal variations were very periodical in the track of
phytodetrital deposition from the water column (Nedwell et aI. 1993). Although, there is not always a
direct relationship between heterotrophic activity and biomass (Delille & Bouvy 1989; Delille 1995),
meiofaunal density and biomass fluctuations clearly coincided with the highs and lows observed in
the microbial communities.
Fourth, a physical factor, being coastal storms with associated high winds perturb the generally low-
energy nearshore system of Signy lsland, leading to significant resuspension of surficial sediments
(White ef a/. 1993). This might result in a mixing and the destruction of the benthic microbial mats
(Kaufmann 197n, but also induce deposition of ice-algae, ending in augmented benthic activity(Walker 1993). All factors together, undoubtedly had a pronounced effect on the meiobenthos
populations.
Harpac{icoid copepods, animals that are known to rapidly colonize phytodetritus, may particularly be
vulnerable to storm events (l-histle ef a/. 1995). lt reflects that hydrodynamics might be responsible
for short-term variability in ice-free periods.
Finallv, from a continuous spectrum of variability probably half the variability is related to the above
described features, but many fluctuations might be due to factors of unknown nature (for example
macrofaunal activity, biological interactions within the meiofauna, etc..).
5.t1.4. Comparison with literature.
The literature available to us offers no comparative studies in the Antarctics. One
investigation, that treated meiofauna in the seasonal varying biotope of an Antarctic nearshore mud
site atthe Peninsula (64"5, Anvers lsland), could have been very useful (Kauffman 1977), as major
abiotic/biotlc environmental variables (e.9. ice-cover and temperature regime, timing and periodicity
of benthic and pelagic primary production, organic matter changes, macrofaunal composition and
densities of mainly deposit feeders, etc..) were exactly parallel and very comparable to the cunent
site. lronically, meiofauna was sampled by dredging, and the lowest sieve size used was 63 pm.
Hence, sampling techniques must have given rise to a totally underestimated meiofaunal stock. A
completely bluned picture of seasonal taxon composition and densities became apparent, and no
aftempt was done to look for nematode pattems (the most abundant taxon!).
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Comparable ecosystems with episodic and highly seasonal sedimentation exhibited contradictory
response mechanisms. For example in subarctic bay sediments (Alaska, 58.N), meiofaunal
recruitment and density maxima were deconnected from sedimentation events (Fleeger ef a/. 1999).
However, the authors could not rule out that the results might have been biased by using two
different gears seperately during the sampling period.
ln the intertidal of the subantarctic Kerguelen lslands (49'S) somewhat similar phenomena as in
Signy were recognizable (de Bov6e et al. 1983; Bouvy 1988; Bouvy & Soyer 1989). Meiofauna
exhibited very high abundances (up to 15 000 ind. 10 cm-') with distinct short term oscillations. Time
lags between peak densities in summer were much shorter compared to in winter, and were related
to the reproductive strategy of a few co-dominant species (Bouvy 1988; Bouvy & Soyer 19g9). The
observations were attributed to the changing temperature regime of the environment.
Literature on seasonality in temoerate meiofauna communities is accumulating (about 20 papers
reviewed by Heip ef a/. 1985, and laterAtongi 1987; Eskin & Coutl 19g7; Gourbautt 1987; Danovaro
et a|.1992,1995; Ansari & Parulekar 1993; Li & Vincx 1993; Guidi-Guilvard & Buscait 1995; Schizas
& Shirley 1996).
However, the majority of the reports deal with intertidal and estuarine meiofauna, or meiofauna
associated with seagrass beds or pollution events. As meiofauna populations in these habitats
behave different from subtidal communities (e.9. often under the influence of salinity changes, Heip
ef a/. 1985), we restricted our further comparison to comparable 'unpolluted' areas.
Temporal fluc{uations of the meiofauna in the North Sea were considerable, though total densities
were not significant different between winter and summer (Wanrick & Buchanan 1971; Juario 1975;
Boucher 1980). ln the Meditenanean changes in density of meiofauna were highly seasonal, with
clear summer or autumn peaks. The main structuring forces were searched in temperature (de
Bov6e & Soyer 1974), strong winds and inegular river discharges (Guidi-Guitvad & Buscail 1995).
Of alltemperate studies treating temporal variability in subtidal meiofauna populations, one research
deserves particular attention (as it considers comparable subtidal depths and the environment
exhibits extreme fluctuations), namely that of Rudnick ef a/. (1985) in the 7m deep coastal marine
silt-clay sediments of Narangansett^ Bay, Rhode lsland (USA). Having an average metazoan
meiofaunal density of 13.4 10" ind. m-' and a total (formaminifers included) ash free dry weight of 2.9g m-', meiofauna contained highest stocks ever measured. Maxima were found in late spring and
early summer and minima were reached by early autumn The authors attributed the observations to
three main factors: (1) sampling technique and laboratory processing, (2) deposition of detritus
containing unusual high proportions of labile organics (e.9. detritus derived from phytoplankton with
rapid settlement and minimaldecomposition in the water column), and (3) depression of macrofaunal
competition and predation. In essence the first two arguments hold also foi the current study. We
have not checked macrofaunal impact, but as the soft bottom substrates of Signy lsland can contain
high biomasses of deposit feeding polychaeies, amphipods, bivalve molluscs, isopods and
gastropods, having a wet weight range of 300 to 800 g m-' lHardy 1972), the third argument of
Rudnick looks not valuable for our study.
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5.4.5. Effect on body size.
The combined effect of the low temperature (e.9. by reducing the energy cost for basal
metabolic) and the high seasonal regime of primary production (e.g. by producing short-term growth
increments) are known to affect body weight in Antarctic invertebrates (Clarke 1983). tikewise, such
environmental variables of food influence nematode size as well, in the way that availability of high
quality food induces big nematode body sizes (Warwick ef a/. 1986). ln our study, the average
individual mass of the nematodes (mean 0.5 t 0.23 trg dwt; median 0.2 a 0,26 Ug dwt) was well
within the range of sizes observed from literature on subtidal nematodes (e.9. Q,Q7-2.12 pg,
Ratsimbazaty et al. 1994). The relationship food/bocly size was not self evident, but distinct peaks in
early winter 1991 and 1992, and late summer 1992, suggested that this was a response to the
elevated availability of organic metter in these periods (e.g Apr 1991, Dec 1991, Mar 1992, Walker
1993). Turning to genus and age composition it will be seen that the mean individual size ln the peak
periods was attributed to the occurence of higher adult percentages, especially of the predominating
genera Daptonema and Sabatieria,
5.t[.6. Diftrential impact on meiofauna taxa.
Nematodes strongly covered the trend describecl by total meiofauna and therefore they will not be 
.
discussed on taxon levelanymore.
Haroacticoid cooeoods followed the pattems of water cplumn productivity with high densities in
produc*ive periods and low numbers in late winter. They showed immediate responses to the
temperature and nanochlorophyll fraction (2lo 2Q pm, Clarke & teaky 1996) in the seawater, and
were related with a time delay to all food components in the water column and sediment trap, and to
pigments in the sediments, The combination of immediate and retarded responses made the
harpacticoid copepods as the meiofauna taxon the most tightly associated with temporal events of
fresh food supply.
The observations were more or less similar to those in literature" Generally, the periodicity of juvenile
harpacticoid copepods was related to late winter/early spring events (nauplii in the current study were
also highly variable in densities during late winter prior to the blooms), and adults reached their
highest densities during summer (Kauffman 1977; Rudnick ef a/. 1985; Schizas & Shirley 1996),
Consistent among these and other studies was that this taxon was strongly associated with fresh
inputs of food into the system, often with time lags of about two months (Montagna ef a/. 1983;
Decho & Fleeger 198E; Shirley et al.1987; Rudnick 1989),
Seasonality of ostracod density was highly damped at Signy lsland, mainly as a consequence of very
high variability between the replicates, and probably because of sample processing (e.9, especially
low densed taxa experience the bias of recalculated densities from subsample counts). lt is known
that some ostracods occur year-round and others may have one or two population peaks each year,
either in summer of winter. They endure the unfavourable season eilher in special larval stage or as
eggs or as adult (Higgins & Thiel 1988). The ostracods were highly fluctuating in.Narragansett Bay as
well (Rudnick et al. 1985).
Finally, turbellarian density changes happened in a manner similar to harpacticoids, but with a
distinct trough in winter, indicating that they were vulnerable to the unfavourabfe features of the
Antarctic winter. Their affintiy to higher food levels in summer was confimed by the positive
conelation of their densities with water column chlorophyll.
The differential effect of pelagic sedimentation on different meiofauna laxa agreed. with the
microcosm study of Rudnick (1989) who found that the meiofauna essentialty can be grouped
according to the relative importance of fresh deposited versus older detrius in their diet.
5.4.7. lmpact on nematode genus and trophic composition.
A priori, it was expected that significant peaks in nematode abundance, in response to
enhanced food production, would be minored in a change in the genus composition, and that such
would result in a rise of epigrowth-feeding genera. When blooms and deposition of organic
substances had ceased, coinciding with an incorporation of organic detritus in the sedimentsl this
would then be observed in an increase in deposit feeders (Heip et at. 1gg5).
However, the results of nematode genus composition showed unclear seasonal variation:
-population fluc[uations did occur, but their periodicity varied considerably from genus to genus
-periodic oscillations occuned within the seasons and not always in the same manner or extent as in
the planktonic environment
-randomly occuning density peaks of Apnema, Daptonema, Microlaimus and Chromadorita had
often only very short lags in between.
Traditionally, polar ecologists concentrate on the strong contrast in food availability for herbivores(Clarke 1988). This helcl already forthe (predominantly herbivorous) harpacticoids, and can parily be
extended to nematodes too.
Although immediate relationships with the trophic environment were virtually lacking, they became
more obvious with one month delay. Striking relationships were those of Dafronema, Chromadorita,
Prochromadorella, Promonhystera and Eleutherolaimus, all of them belonging to the epistrate and
non-selec{ive deposit feeding categories. They showed, each, tight relationships with pelagic
production and sedimentation, a feature that was, however, not as strong when addressing the entire
trophic categories (e.9. there were comparably much fewer relationships between the feeding
categories 2N1B and the environment).
Considerable variation in temporal abundance, without any crucial changes in dominance of the
generic and trophic composition throughout the course of the investigation, was in agreement with
nematode community characteristics in fine sand communities at temperate latitudes (Juario 1975;
Vincx 1989).
Why the apparent lack of distinct seasonality and why no clear relationships between the entire
trophic categories and the environment?
Generalizing the feeding strategies in nematode communities by assigning one specific feeding
mode to a genus based on the morphology of the buccal cavity, might be very helpfull in many
aspects (for example to structure the othenrise very diverse assemblages, and to compare results
with the ovenrhelming number of studies that adhered to Wieser's groupings), but leads to premature
conclusions, as it deconnects the ecological preferences of the nematodes from specific habitat
characteristics (Vanhove et al. in press).
Eoiorowth feeders showed no clear temporal trend. A reason could be that this trophic group ctid notgraze solely on diatoms, but on a diet of many detrital food sources. Epistrate feeders were not
related to chlorophyll in the benthic environment, but showed immediate responses to organic carbon
in the sediments, and delayed relationships with chlorophyll and their degradation products in the
traps.
Another reason could be lhal Aponema (representing one third of the total nematode population at
Signy), intuitively assigned as an epistrate feeder, rather belonged to the selective deposit feeders(cf the closely related Molgolaimus, which accoding to Wieser belonged to the lA-group).
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To this respect we re-analyzed the nematode communities with Aponema as a selective feeder(Figure 5.12). Again, nor the selective deposit feeders (1A), neither the epistrate grazers (2A) showed
obvious seasonal trends in relative or absolute numbers, and no new conelations became apparent(results not depicted).
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FlgurQ 5.12. : Absolute (no 10 cm') and relative (%) vaiation in trophic composition of the nematoda cqnmunities cluing the time
course of the stu$; 2A: eF,istrcte feeder, 18: non-selective deposit feeder, 1A: sebctive deposit feeder, 28: prcdatoriomnivore;
Aponema was assgned as a se/ecfrve deposit feeder instead of an eilstrate feeder. Data presented arc the rnean of two sediment
cor9s.
Non-selective deoosit feeders were mainly composed ol Daptonema. Wieser (1953) classified this
genus as thus because of the relatively large unarmed buccal cavity. The particular species at Signy,
however, have a big mouth with a strong cuticularized ridge that could serve as a big tooth.
Therefore, using the classification based on buccal morphology, it should rather be assigned as an
epistrate feeder.
The frequent observations of intact pennate diatoms in the alimentary duct of adult Daptonema,s,
superimposed on the observation that Daptonema showed many time-delayed responses to
microchlorophyll (and hence diatoms) in the water column, conducted to a belief that this genus,
indeed, can switch to a diet of mainly diatoms. However, the percentage of organisms recovered with
diatoms in the gut on the total number in each sample (9-7E Yo, Table 5.12) did not exhibit an
obvious seasonal trend. Although diatom blooms were restricted to short periods of the year,
planktonic forms (including pennate forms) are found in the benthos throughout the entire year(Gilbert 1991b). So diatoms in the guts were supposedly intact or remaining frustules of past blooms.
The diatoms might have been benthic forms as well, but no information was found conceming the
seasonaf variabilitiy of in situ producing benthic diatoms. As long as we have no more detiiled
information about the diatom species in the alimentary tracts, the importance of this benthic
component as a food source for Daptonerna remains an open question.
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Table 5-12.: Percentap (average of two repticate,s, 7 SD,l of the aduft swcimens of Daptonema with pennate ctiatoms in the gut, inthe sampling Wiod from Apil 2l untit December 27, 1991.
27-Apr
14-May
28-May
1 1-Jun
26-Jun
12-Jul
28-Jul
1O-Aug
23-Aug
5-Sep
20-Sep
4-Oct
17-Oct
1-Nov
14-Nov
28-Nov
13-Dec
27-Dec
@
21
25
9
n
@
36
16
78
u
55
m
71
g
76
74
56
5t)
9.8
n.1
5.7
0.1
2.8
3.4
1.1
5.0
22.9
16.8
4.4
1.5
v.4
52.4
19.8
16.1
11.8
8.2
Yel, Daptonerna, although having a strong tooth-like ridge, to pierce or scrape off diatoms, probably
more frequently during certain periods of the year, can still be considered as a non-selective deposit(or generalist) feeder. And, although densities were strongly conelated with diatomic components,
this was not their solely food source (Moens & Vincx 1997). Similar observations were done for
Daptonema erectum in an estuarine mud off South Carolina (Eskin & Coull i9g7). The hypothesis
was put fonrvard lhat Daptonema can substitute bacteria, detritus or flagellates if diaiom abundance is
low. Daptonema peaks in our samples were also coincident with maxima in benthic oxygen uptake(for example, a peak of benthic activity in March was followed by a maximum in abundances of
Daptonema), suggesting that, indeed, also bacteria belonged to their diet.
Despite the several remarks involved with the use of Wieser's classification, the most obvious
explanation for the apparent lack of distinct seasonality in the nematode communitiy and trophic
composition has to be searched, again, in the high availability of many different food s-ources during
most of the annual cycle.
ln earlv winter 1991 virtually all genera, among which the predominating Aponema, Daptonema,
Sabatieria and Neochromadora, showed significantly deviating peaks in absolute numbers (and
hence, also the trophic groups to which they were categorized). Each of them, probably, hasdeveloped specific adaplations to exploit the short-term deposition pulse of the highly diverseplankton communities (Clarke & Leaky 1996) and subsequent elevations of organic matter
concentrations and microbial activity in the sediments (Nedwell et at.1gg3).
The combination of all trophic sources produced energy for the benthic fauna during most of the
vear. This lead to discontinous nematode community changes in which depending on tne.GfiEltity
of each trophic source, nematode genera responded by some degree of competitive interaction (an
exampfe was Aponema demonstrating highly fluctating densities in early winter 1g91, early summer
1991 and late winter 1992).
Even durinq midwinter, when deposit and epistrate feeders needed to contend with only a few
months of low energy sources, nematode community composition did not change. Sufficieni energyprobably accumulated on the bottom (food reserve ?), so that most genera could accommodate the
winter months by slightly altemating their trophic strategy. Such extemal nutritional reserve can be
important for all nematodes as they lack internal reserves (Giere 1993).
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5.4.8. Seasonalaty in diversity.
The observation of excess food, resulting in a chemically reduced state of the fine
grained sediments at Factory Cove (Signy lsland), lead already to the conclusion that the nematode
assemblages were structurally dominated by a few genera, facing the characteristics of advanced
organic eutropication (Vanhove et al. in press). This was translated in a very low diverse, dominant
meiobenthic community. Now, a remarkable stability in this dominance diversity throughout the
study, can be added to the earlier observations. Habitats of low heterogeneity tend to support a low
number of taxa over the annual cycle, often with one or a few of them numerically dominant (Juario
1975; Vincx 1989). As a consequenoe of food enrichment, virtually year-round, a 'stable'chemical
status of the benthic environment might have caused this 'homogeneity' in the biotope, leading to the
temporal paftems of dominance divercity. This could not directly be proved, but vertical profiles of
oxygen concentration in the sediments of Factory Cove, showed a very low penetration of oxygen
with fittfe or no seasonal variation between Jan 1991 and May 1991 (Nertwell et at.1993). As oxygen
stratification is connected to the rate of microbial orygen uptake, it indicates that aerobic respiration
was high throughout the year (same reference), and yet, the sediments remained reductive all the
time.
Despite this relatively constancy in higher Hill's numbers, the genus richness (Ns), fluctuated
considerably, and might indicate that fresh food supply, against the background of a highly reductive
environment, attracted volatile genera (e.9. genera that in most cases do not live under the extreme
reductive circumstances). ln addition, a vertical seggregation of the nematode population into genera
that sustained the negative features of the reductive environment, and other genera that preferably
colonized the very thin oxic surface layer of the sediments, was attained (Vanhove et al. in press).
The latter would then explain partly the striking observation that closely related dominant genera(e.9. according to the struc{ure of buccal cavity in for example the epistrate feeders), and probably
closefy related species (for example the genus Sabatieria and Microlaimus consisted of more than
one species) co-occuned in the same sediments. That such closely related nematode taxa can
coexist in the same sediment column is not really something exceptional (Juario 1975: coexistence
of Microlaimus turgofrons, M. torosus and M. honestus; Jensen 1981: spatial seggregation in the
morphofogical groups of Sabatieria pulchra and S. ornata ), confirming that there was clearly no
competitive exclusion for biogenic elements all over the year.
5.t[.9. lmpact on demography, lifie-lristory baits.
ln a seasonal environment, wherein trophic resources fluctuate significantly, different
possible adaptive life strategies in nematodes can predominate: seasonality in reproduction with the
number of generations restricted to particular seasons (cf. the univoltine Enoplus communis, lhe
bivoftine Viscosia viscosia, or the polyvoltine Theristus sefosus), or life strategies completely
uncoupfed from environmental events (cf the continous reproduction of Microtaimus turgofrons)(Juario 1975). The latter is the most common. As the population increases, the successive
generations will come to overlap and the amount of overlapping will increase progressively as times
goes on (Heip ef a/. 1985).
Nematode reproduction at Signy lsland looked continuous as the four life-history categories were
encountered throughout the year and juveniles dominated within the range of 14-59%. This
confirmed with population life-history studies of nematodes in temperate regions where many
nematodes reproduce continuously throughout the year (Heip ef a/. 1gE5).
ln the cunent study, maxima of gravid females and juveniles were highest in Aug/Sep and Nov/Dec.
Assuming that reproductive activity occuned more during these relatively low nutritional periods, it
could be possible that reproduction before the season of bulk supply was an advantageous life
strategy to cope with periods of low energy production. Such strategy has been found in many
Antarctic benthic invertebrates (Clarke 1988), and is explained by the fact that the reproduction facet
of the life cycle is generally characterized by a reduced activity, stoppage of groMh, and cessation of
feeding. ln addition, young stages develop by the end of the low food period enabling them to take
advantage of the new blooms of the next productive season.
With a complete asynchrony in the reproductive cycles of individual species, seasonal paftems in the
total nematode population were often masked (Juario 1975; Boucher 19g0; Vincx lggg), hence
downloading to lower taxon level was needed:
Sabatieria populations at Signy (probably a mixture of several species) exhibited some cyclicity in
the relative densities of the juveniles being much less presented in midwinter. But due to the fact that
gravid females were missing in one third of the samples, a reproduction cycle could not be infened.
Maybe, the species of this genus were long lived and reproduction occuned scattered through the
annual cycle. None of the life stages showed responses to benthic food sources (nor immediate,
neither delayed), but gravid females were positively related to many detrital souroes in the water
cofumn and sediment trap (with one month delay). The life cycles ol Sabatieria species has been
studied several times at temperate latitudes (see herefore discussion of Vincx lg8g). Species close
to the one in the sediments of Factory Cove (S. pulchra , S. punctafa, and synonyms), either
reproduced throughout the year with no particular period of production, or showed a more active
reproductive period in spring, depending on particular field situations.
Gravid females of Aponema were relatively more abundant in May/June, followed by higher
percentages of juveniles and immature females in July. Due to high fluctuations we can not
guarantee that such was coupled to environmental changes (e.g. conelations discemed sometimes
contrasting results). Egg deposition of Microlaimus forosus (in essence the same species as
Aponema forosus) in the study of Juario (1975) occuned troughout the year, but reproductive ac{ivity
was higher in winter than in summer, and therefore comparable with the Antartic counterpert.
From the remaining genera in the cunent study only Neochromadora appeared to have a more
sinusoid cycle with a relatively higher amount of immature females in mid-winter (early July) and a
distinct recruitment period in early summer (OcUNov). The (late winter)-period in between must have
been that of maturation of the females. Positive conelations of the gravid females with immediate
and delayed fresh food in sediment, trap and water column, suggest a tight relation with fresh food
supply.
ln Daptonema. Microlaimus and Chromadorita clear signals of reproductive cycles were missing.
Apart from food (and salinity), temperature is a common factor proposed for life-history dynamics
and reproductive effort of the nematodes in temperate regions (Heip ef a/. 1g85). Generally, higher
ambient temperatures result in shorter development times. Likewise temperature changes imposed
reproductive strategies in the subantarctic nematodes of the Kerguelen lslands, as nematode
development time varied between 30 and 75 days, at respectively 10 and 2'C (Bouvy & Soyer 1gB9).
However, the temperature range at Signy is very low (between -0.5 and +2.0 'C in the cunent study),
and, apart from some scattered observations, no conelations of nematode life stages with
temperature were observed. Supposedly, temperature variability was only of minor importance for
nematode repmduction in the cunent region. This supports the recent views on the relatively low
impact of temperature changes, compared to the higly seasonat nature of food supply, on
invertebrate (re)production activity (Ctarke 1 9E3).
The study of Bouvy & Soyer (1989), however, emerges also that (apart from the temperature effect),
nematode development time in the subantarctics can be in the order of a few weeks. This might
explain why maximum abundances of gravid females and juveniles at Signy were often well
seperated temporally with the highest percentage juveniles (Sep and Dec), lagging behind the
highest relative numbers of mature gravid females (Aug and Nov), and why standing stock increases
of the entire meiobenthic populations were only profound at least one month after primary production
peaks. The observation invoke that development time in Antarctics nematodes might be in the same
order as in temperate counterparts (e.9. between a week and a few months, Heip ef a/. 1gg5).
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Yet, based on annual P:B values reported for temperate nematodes, annual production is calculated
between 2.2 and 38.4 gC.m-' for P:B ratios between 4 and 69 (Vranken & Heip 1986), and 5.0 gC.m-2
for a P:B = 9 (Gerlach 1971). This greatly exceeds values calculated for nematodes in the North Sea(e.9. at maximum 2.6 gC.m-'y-', Vincx 1989), and is equivalent lo 4.1o/o of phytoplankton production
and 11 .9o/o of microphytobenthic production at Factory Cove, Signy lsland (Vanhove, unpublished
results).
Calculating the Maturity lndex (e.9. an arbitrary index constructed by assigning a coloniser-perister
scafe to the nematode genera, Bongers et al. '1991), a figure of 2.4 was obtained, which agrees with
nematode communities in stressed and eutrophic conditions. The nematodes belonging to the
community can rapidly increase in numbers under favourable conditions, with short life-cycles, high
colonizalion ability and tolerance to disturbance, eutrophication and anoxybiosis (Bongers ef ar.
1991), confer the r-stategy in the Pearson-Rosenberg model (Pearson & Rosenberg 1979 in Heip
1995). Although there is no simple relationship between population characteristics and ability to
colonize (Heip 1995), the observations clearly direct to the effects of the characteristic (organically
enriched) sediments of Factory Cove on the life stralegies of the meiofauna.
It is too eariy to conclude de facto that reproductive activity was related to any of the mentioned
environmental cues as,
1) some genera might have been built up by more than one species
2) no attempts was done to identify the different juvenile stages of the nematodes. However this is a
prerequisite for defining a more accurate timing of egg deposition
3) we did not look for the vertical seggregation of the nematode life stages, although it has been
shown that juveniles and adults might be temporally adapted to specific conditions along the
sediment profile (as was shown for the dastict microhabitat preferences of Theristus anoxybioticus in
the muddy sediments at methane seepages in the northern Kattegat, Denmark)(Jensen 1995).
5.4.10. An apparent lack of tight response to the tophic status of the benthic
environment.
Although correlations between the meiofauna and the benthic environment existed,
they represented only a very limited proportion of all possible relations, and they were rather scarce
when compared to the many conelations with sediment trap and water column variables. Several
reasons can be at the base of these observations: 1) a high deviation between the replicates,
presumably inherent to the patchy character of meiofauna and influenced by sampling and sorting, 2)
spatio-temporal variability in clump size of meiofauna and food items (Blanchard 1990); 3) differing
scales of generation times, between meiofauna, diatoms and bacteria, respectively in the order of
weeks or months (Heip ef a/. 1985, Giere 1993), days (Admiraal et al. 1982), and hours (Meyer-Reil
et al. 1978), and 4) specific and ontogenic variation in diet selection (Admiraal ef a/. 1 983, Romeyn &
Bouwman 1983, Carman & Thistle 1985, Hentschel & Jumars 1994, Montagna ef a/. 1995).
The most likely the apparent lack of response to benthic organic food sources has to be searched in
the quality, rather than the quantitiy of organic detritus. As argued by Soetaert et al. (subm.), a tiny
flux of more or less refractory compounds, that have a large residence time in the sediment, may
produce the same concentration as a large flux of high-quality food, which disappears much faster.
As recently produced and deposited detritus is more readily assimilated than older refractory organic
carbon (Rudnick 1989), the organic matter in the sediment is a bad indicator of food input to the
bottom. Because of this, it is very difficult to relate density or biomass patterns of meiofauna with
organic matter concentrations in the bottom. On the other hand, conelations with pigments were
more obvious. Unfortunately the data did not cover the entire study period, and intervals between
subsequent monitoring were probably too long to decover all possible relationships.
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5.4.1 1. lmpact of sediment texture.
When describing meiofauna habitats, grain size is a key factor which directly
determines spatial conditions for the meiofauna (Giere 1993). Nematodes, in particularly, appear to
be more sensitive to slight changes in sediment composition than either macrofauna or harpacticoid
copepods (Herman ef a/. 1985). In the current study the fine-grained characteristics of the sediments
-in combination with the covarying organic content, pore-water chemistry, microbial abundance and
composition, etc..- certainly defined meiofaunal standing stock size (higher densities in finer
sediments), diversity (lower diversity in finer sediments) and trophic composition (often directed
towards deposit feeders in finer sediments) (Heip ef a/. 1985; Giere 1993). However, there is little
evidence that grain size per se produced temporal pattems in the meiofaunal communities, as only
very minute changes were detected during the entire study period (e.9. median sand 102 t 2.0 Um;
siUclay 32!4.4o/o), and no correlations, apart from turbellarian density and higher meiofaunaltaxon
numbers with median grain size, were found. This contrasted the high variability in DOC (714 t 208.6
mg l-1), chl-a (28 + 15.9 pg g-1), fucoxanthin (13 t 8.19 pg g-1), chl-c (8 t 4.59 pg g 1), B-carotene (91
5.59 pg g ') on an annual base.
5.5. Remark on sampling adequacy.
We do not exclude that our samplings induced some of the variability observed in
pattems at Signy. Sampling by scuba diving obviously has its limitations. The disturbance of
superficial soft sediment layers, which contain essentially the highest concentrations of benthic
fauna, is the major problem. However, photographic evidence showed that this occuned mainly with
repeated coring. As, in the cunent approach, sampling was restricted to four cores (e.9. two for
meiofauna and two for environment), we do not believe that it put serious constraints on the sampling
efficiency.
Due to obvious restrictions imposed by time and manpower, we had to resort to
subsampling as well. To justify our method, the adequacy of estimating abundances from
subsamples was evaluated by comparing the meiofauna counts from randomly chosen complete
cores and the results obtained from three recalculated subsamples. No significant differences were
found between the two methods (e.g.the counts agreed within 10%). As the bias attributed to
subsampling is expected to occur more frequently in taxa with low abundances, the discussion of
meiofauna taxa was limited to the more abundant ones.
5.6. Final conlusion,
An important inference from the present study is that the meiofaunal standing stock
in the Antarctic subtidal sediments of Signy lsland were strongly impacted by the temporal varying
pelagic and benthic food supply. The weak affinity of nematode genus and trophic composition, with
a concomitant stable pattem of dominance diversity, suggest the importance of the eutrophic, highly
reductive nature of the sediments, and their seasonal variability in controlling community prgcesses.
This study emphasizes that the assertion of Clarke (1988), that all levels of the Southern O&n food
web are influenced profoundly by the seasonality of the primary production, holds also for the
metazoan meiofauna.
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Appendix 1
Classification of the nematode genera into families
according to Lorenzen (1994)
Classitication ot t
Family Chromadoridae Filipjev, 191 7
Acanthdaimus Allg6n, 1S
Actinonema Cobb, 1920
Chromadora Bastian, 1865
Ch rom adorell a Filipjev, 1 91 8
Chromadoina Filipjev, 1918
C h rom a do rita F ilipiev, 1 922
Dichromadora Kreis, 1929
N eoc h romadora Micoletzky, 1 924
P roc h rom a do re ll a Micolehky, 1 924
Ptycholaimellus Cobb, 1 92O
Rhrps Cobb, 1920
Spiliphera Bastian, 186
Trochamus Boucher & Bov6e, 1972
Family Ethmolalmidae Filipjev & Stekhoven, 19ll
Ethmolaimus de Man. 1 88O
Family Neotonchidae Wieser & Hopper, 1966
Neotonchus Cobb.1S
Family Cyatholaimidae Filipjev, 1918
Longjcyatholaimus MicoleEky, 1 924
Marylynnia Hopper, 192
Metacyatholaimus Stekhoven, 1 912
Minolaimus Vitiello, 1970
Nannolaimus Cobb, 1920
Nannolaimoides Ott, 1 972
P a raca nthonchus MicoleEky, 1 924
Paracyatholaimodes Gerlach, 1 53
Paralongicyatholaimus Stekhoven, 1SO
Pomponema Cobb,1917
Family Selachinernatidae Cobb, 1 91 5
Cheironchus Cobb,1917
Gammanema Cobb, 1920
Halichoanolaimus de Man, 1886
Latronema Wieser, 1$4
Richteda Steiner. 1916
Family De$nodoridae Filipjev,'l 922
Desmodora de Man, 18&9
Echinodesmodora Blome, 1 982.
M olgolaimu s Ditlevsen, 1 921
Pseudodesmodora Boucher, 1 975
Family Epsilonematadae Steiner, 1927
Epsilonema Steiner, 1927
Family Draconenntidae Filipjev, 1918
Dracograllus Allen & Noffsinger, 1978
Draconema Cobb,1913
P ro c h a et o s o m a Micoletzky, 1 {22
Famify Microlaimidae MicoletzKl, 1922
Aponema Jensen,1978
Bolbolaimus Cobb, 1920
Calomicrolaimus Lorenzen, 1 976
lxonema Lorenzen,1971
Microlaimus de Man, 188O
Spirobolbotaimus Soetaerl & Vincx, 1988*
Family Monoposthiidae Filipjev, 1S4
Nudora Cobb,192o
Family Desmoscolecidae Shipley, 1 896
Desmoscolex Clapardde, 1 863
Greeffiella Cobb,1922
Hapalomus Lorenzen, 19@
P a reu desmosco/ex Weischer, 1 962
P roticomc)ides Timm, 1 970
Family Meyliidae de Coninck, 196
Prototicoma Timm, 1970
Q u a di c om a F iliplev,'l 922
Ticoma Cobb,18S
Family Leptolaimidae Orley, 188O
aff. Dagda Southern, 1914
Alaimella Cobb, 192O
Camacolaimus de Man, 16@
Le ptolaimcide s Vitiello, 1 971
Leptolaimus de Man, 1876
Steph a nolaimus Ditlevsen, 1 91 I
Family Haliplectidae Chitwood, 1 961
Sefoy'ecfus Vitiello, 1 971
Family Tarvaiidae Lorenzen, 151
TaNaia Ailgen, 1W
Family Aegialoalaimidae Lorenzen, 1 51
Aegialoalaimus de Man, 1907
Cyaftonema Cobb,1920
Diplopeltoides Gerlach, 1 962
Family Ceramonematidae Cobb, 1S
Metadasynemella de Coninck, 194.2
Pselionema Cobb, 1rc
Pterygonema Gerlach, 1954
Family Tubolaimoididae Lorenzen, 1 981
Chitwoodia Gerlach, 1 S6
Tubolaimoides Gerlach, 1 963
Family Monhysterldae de Man, 1876
Difldaimella Allg6n, 1 929
Dif,olaimellcides Meyl, 1 954
Gammainema Knne & Gerlach, 153
Family Xyalidae Chitwood, 151
Am moth e istu s Lor enzen,'l 977
Amphimon hy stera Allg6n, 1 929
Am phimon hy strela Timm, 1 961
CobbiaDe Man, 19O7
Daptonema Cobb,192O
Elzalia Gerlach,1%7
Gnomoxyala Lorenzen, 1977
Lin hy ste ra Juario, 197 4
Metadesmolaimus Stekhoven, 1S5
Manganonema Bussau,lS3 ( nomen nudum)"
Paramonhystera Steiner,'l 91 6
Promonhystera Wieser, 1 56
Rhynchonema Cobb,192O
Theistus Bastian,186
V alv ael aimu s lorenzen, 1977
Family Sphaerolaimidae Filipjev, 1918
Doliolaimus Lorenzen, 1966
Metasphaerolaimus Gourbault I Boucher, 1981"
Sphaerdaimu s Bastian, 1 866
Family Siphonolaimidae Filipjev, 1918
* not included in Lorenzen (1994)
Siphonolaimus de Man, 18S
Family Linhomoeidae Filipjev, 1922
Anticyathus Cobb, 19@
Desmdaimusde Man, 188O
Disconema Filipjev,'t918
H e u th e r ol a i m u s F iliplev, 1 V22
Eumorpholaimus SchulE, 1S2
Linhomoeus Bastian, 1866
M e ga desmol aimus Wieser, 1 54
Metalinhomoeus de Man, 1S7
Paralinhomoeus de Man. 1$7
Terschellingia de Man, 1888
Family Axonolaimidae Filipjev, 1 91 8
Ascdaimus Ditlevsen, 1919
Axonolaimus de Man, 1889
O dontophora BUtschli,'l 874
Family Cornesornatldae Filipjev, 1918
CeruonemaWieser, 1S4
Hoppeia Vitiello, 19@
Paramesonchium Hopper, 1967
Pierickia Viliello, 1970
Sabatieia Rouville, 196
Setosabatieia Platt, 1$5*
YasosfomaWieser, 154
Family Diplopeltidae Filipjev, 1918
Araeolaimus de Man, 1888
Campylaimus Cobb, 1920
Diplopeftis Cobb in Stiles & Hassal, 1S
Af,opftula Gerlach, 1S
Southemiella Allg€n, 1S2
Famlly Coninckiidae Loremen, lSi
ConincMa Gerlach. 156
Family Thoracoetomopeidae Fllipjev, 1V27
Enoplolaimus de Man, 188
F e n e strol aimu s Filipjev, 1 927
M e sa c a nth ion F ilipjev, 1 V27
Oxyonchus Filipjev, 1927
P a ramesaca nthion Wieser, 1 $3
Family Anoplogtornatldae Gerlach & Riemann, 1974
Anoplostoma B0tschli, 1 874
Chaetonema Filipjev,'1927
Family Phanodermatidae Filipjev, 1 927
Crenopharynx Filipjev, 154
Micoletzkyia Ditlevsen, 1926
Phanoderma Bastian. 1 866
Phanodermopsis Ditlevsen, 1 926
Family Anticornidae Filipjev, 1 91 8
Anticoma Bastian, 186
Cephalanticoma Platonova, 1 976
P a ra nti coma Micoletzky, 1 SO
Family lronidae de Man, 1876
Syingolaimus de Man, 1888
Family Leptosornatidae Filipjev, 191 6
atl Plagcoma Cobb, 1891
Cylicdaimus de Man, 1889
Family Oxyetominidae Chihaood, 1 S6
Cicoh atalaimus Bussau, 1 S (nomen nudum)*
Halalaimus de Man, 1888
Litinium Cobb, 1920
Nemanema Cobb,1920
Oxystomin a Filipjev, 1 921
Thalassoalaimus de Man, 18S
Weseia Gerlach, 156
Family Oncholaimidae Filipjev, 191 6
Pontonema Leidy, 1856
Vlscosra de Man. 18S
Famlly Enchelldlldae Filipjev, 1918
Batheurystomina Lambshead & Platt, 1979
Be/bo/a Andrassy, 1973
C aly ptron ema Marion, 1 87O
Enchelidium Ehrenberg, 1836
Eu rystomin a Filipjev, 1 921
Simplocostomeila MicoleEky, 1 S
Famlly RhaModenranlldae Filipjev, 1 S4
Rhabdodemania Baylis and Daubney,'t926
Family Pandolaimidae Belogurov, lSO
Pandolaimus Allg6n, 1929
Family Simpliconernatidae Blome & Schrage, 1S5
Simpliconema Blome & Schrage, 1$5
Famlly Trefueiidae Gerlach, 1966
Halanonchus Cobb. 1920
Rhabdocoma Cobb.1920
Trefusiade Man. 18S
* not included in Lorenzen (1994)
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Depth variation within meiofauna communities
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Depth variation within nematode assemblages
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Ghromadoridae
Ethmolaimidae
Neotonchidae
Cptholaimidae
Sclachinematidae
Desmodoridae
Epsilonematidae
Draconematidae
Microlaimidae
Monoposthiidae
Oesmoscolccidae
Meyliidac
Leptolaimidae
Haliplectidae
Tarvaiidae
Aegialoalaimidae
Ceramonematidae
Tubolaimoididae
Monhysteridae
Xyalidae
Sphaerolaimidae
Siphonolaimidae
Linhomoeidae
Axonolaimidae
Comesomatidae
Diplopeltidae
Coninckiidae
Thoracostomopsidae
Anoplostomatidae
Phanodermatidae
Anticomidae
lronidae
Leptosomatidae
Oxystominidae
Oncholaimidae
Enchelidiidae
Rhabdodcmaniidae
Pandolaimidae
Simpliconematidae
Trefusiidae
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Nematode family counts (no 10 cm-2).
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Nematode family counts Weddell Sea (no 10 cm'2).
Appendix 4
vertical distribution within the sediments of the Weddell Sea
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Nematode genus counts Weddell Sea (no 10 cm-z)
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Nematode genus counts Weddell Sea (no 10 cm''?)
Appendix 5
Meiofauna in its biogeochemical environment
26.01.1994
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Meiofaunal counts Signy (no 10 cm-2).
Meiofauna in its biooeochemical environment
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Nematode genus counts Signy (no 10 cm-').
Meiofauna in its biooeochemical environment
date depth repl chlc chla fuco diat bact TC NH4-N NO3-N POr-P sili p€ll means meds mods stde skew
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Appendix 6
Temporal variability within meiofauna communities
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Meiofaunal counts Signy (no 10 cm-')
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o.u2 0.052 108.&10 1czm &t.790
0.313 o.qD 108.2(n 100.3(n 80.6-10
0.358 o.(no 108.e00 101.750 89.790
0.398 0.0(n 105.500 98.400 &).670
0.386 0.000 112150 103.850 A9.790
0.457 0.0(n 107.500 100.035 g).670
0.437 0.(m 1G.250 98.2m &.670
0.5tr/ 0.064 1o5.gD 100.900 89.790
0.260 0.0d) 110.650 10it.850 89.790
0.:t45 0.0q) 109.100 10a600 89.790
0.313 o.mo 113.sn 106.250 99.960
0.253 0.(x)0 115.750 107.350 99.960
o.g7 0.(m 113.550 ,t03.650 89.790
0.565 0.065 116.mO 1$.790 80.670
o.47 0.0q) 109.350 101.250 80.670
0.376 0.000 106.050 100.350 89.790
0.651 0.0m 108.,t50 101.150 80.670
0.373 0.000 ,t04.700 99.770 85.230
0.407 o.mo 114.9q) 103.200 89.790
0.49S' 0.058 106.750 100.100 g).670
o.42. 0.000 109.750 101.150 89.790
o.4m o.mo 111.500 100.900 80.670
0.488 0.0€8 105.150 L9.460 g).670
0.612 0.058 106.250 9t.390 80.670
0.253 0.000 101.400 96.370 q).670
0.499 1G37.918
1.397
1.293
1.452 - 26.110 12.470 6.9q) 8.470
1.643
't.427
0.488 5n.752
1.547
1.583
1.585 - 30.780 14j70 8.340 9.600
1.595
1.569
o.sn 630.:'55
1.5fJ7
1.42
1.413 - 17.850 7.150 4.150 4.C70
1.413
1.5m
1.486 9it8.155
'1.?il
1.442
1.27 - n.450 13.G30 7.050 8.810
0.815
0.661
1.3d1 6:18.906
1.416
1.324
1.n7 - 3.19) 1.700 1.210 1.m
1.394
t.5t9
1.N U1.*7
1.438
1.474
0.90i! - 14.390 5.580 3.7n 3.870
1.295
1.145
1.376 850.762
1.400
1.441
1.737 594.254
1.563
0.656
1.',t72 - ?7.3!x) 11.790 7.650 8.070
0.610
1.669
0.752 919.164
LA2
1.gn
0.969 - n.sn 13.290 7.560 9.040
1.82
0.mo
0.405
o.412
0.406
0.4@
0.4:!9
o.3it6
0.397
0.403
0.397
0.406
0.401
0.334
0.397
0.406
0.406
0.397
0.418
0.407
0.416
0.404
0.400
o.421
0.4Gt
o.4o2
o.418
0.4(E
0.411
0.409
0.401
o.432
o.414
0.413
0.360
0.404
o.392
o.426
0.446
0.46:l
0.561
0.438
0.357
0.403
0.346
0.499
0.375
0.438
0.486
0.369
0.395
0.329
May 14 0-2 cm
2-5 cm
5-10 cm
May 28 0-2 cm
2-5 cm
5-10 cm
Jun 11 0-2 cm
2-5 cm
5-10 cm
Jun 26 0-2 cm
2-5 cm
5-10 cm
Jul12 0-2cm
2-5 cm
5-10 cm
Jul 28 0-2 cm
2-5 cm
5-10 cm
Aug '10 0-2 cm
2-5 cm
5-10 cm
Aug 23 0-2 cm
2-5 cm
5-10 cm
Sep 5 0-2 cm
2-5 cm
5-10 cm
Sep 20 0-2 cm
2-5 cm
5-10 cm
Oct 4 0-2 cm
2-5 cm
5-10 cm
Oct 17 0-2 cm
2-5 cm
5-10 cm
Nov 14 0-2 cm
2-5 cm
5-10 cm
Nov 28 0-2 cm
2-5 cm
5-10 cm
Dec 13 0-2 cm
2-5 cm
5-10 cm
Dec 27 0-2 cm
2-5 cm
5-10 cm
Environmental data Signy:organic matter (mass %),sediment texture (pm),dissolved organic carbon (mg l-1),chloropigments (pg g-1)
Temporal variability within meiofauna communities
1992 depth TC TN means meds mods stde skew DOC chla fuco chlc
cm
2-5 cm
5-10 cm
Jan22 0-2 cm
2-5 cm
5-10 cm
Feb 9 0-2 cm
2-5 cm
5-10 cm
Feb 26 0-2 cm
2-5 cm
5-10 cm
Apr 10 0-2 cm
2-5 cm
5-10 cm
May 4 0-2 cm
2-5 cm
5-10 cm
May 15 0-2 cm
2-5 cm
5-10 cm
May 29 0-2 cm
2-5 cm
5-10 cm
Jun 13 0-2 cm
2-5 cm
5-10 cm
Jul I 0-2 cm
2-5 cm
5-10 cm
Jul 16 0-2 cm
2-5 cm
5-10 cm
Jul 28 0-2 cm
2-5 cm
5-10 cm
Aug 15 0-2 cm
2-5 cm
5-10 cm
Aug27 0-2 cm
2-5 cm
5-10 cm
Sep ll 0-2 cm
2-5 cm
5-10 cm
Sep 28 0-2 cm
2-5 cm
5-10 cm
Oct 7 0-2 cm
2-5 cm
5-10 cm
Oct27 0-2 cm
2-5 cm
5-10 cm
Nov 10 0-2 cm
2-5 cm
5-10 cm
1.4A 0.161
0.646 0.068
0.574 0.055
0.497 0.060
o.u7 0.ooo
0.472 0.(m
0.565 0.076
0.250 0.(m
0.345 0.OOO
0.531 0.059
0.502 0.059
0.3!t4 0.0@
0.412 0.qr0
0.286 0.000
0.288 0.000
0.796 0.094
0.471 0.000
0.316 0.000
0.557 o.mo
0.537 0.(x)0
0.235 o.mo
0.637 0.1At
0.230 0.000
0.301 o.mo
1.101 0.078
0.572 0.000
0.t165 0.000
o.7& 0.m
0.3:]9 0.(m
0.tt85 0.000
o.7g 0.0ff)
0.438 o.q,o
0.'169 0.000
0.629 0.06-/
0.561 0.(}53
0.312 0.000
0.679 0.073
0.411 o.mo
0.474 0.065
0.475 0.015
0.223 o.mo
0.151 o.Oq)
0.732 0.086
0.375 o.(xto
0.270 0.m0
0.589 0.074
0.319 0.000
0.417 0.000
1.9?2. Oln
0.3(}8 o.mo
0.345 0.000
0.676 0.082
0.367 0.000
o.E7 0.000
0.385 0.000
o.€02 0.06G
o.:!37 0.0q)
16.100 100.8[n il).670 0.410
111.0q) 102950 80.6'tO O.4n
112.mO 103.650 80.670 0.4n
106.500 98.105 80.670 0.414
111.550 103.150 89.790 0.423
1(B.4(x) 102.300 89.790 0.399
105.150 101.650 89.7!n 0.329
109.075 101.385 85.230 0.4@
109.:50 101.(80 89.790 0.425
105.750 99.570 80.670 0.384
t(b.dD 99.620 80.670 0.395
110.300 103.500 89.790 0.4W
rlo.(no 1(2850 89.790 0.40|2
105.200 99.qn &r.790 0.:t60
1q.850 !19.765 $.790 0.s7
106.250 1(}|.750 89.790 0.:Xt6
103.650 !19.715 89.790 0.331
1G.350 101.950 89.790 0.3St
1(F.45{' 100.6s) 80.670 0.i51
1(xt.9(x) s.320 80.670 0.348
107.950 101.9(x) 89.790 0.375
t11.050 108.m0 99.960 0.346
117.250 108.750 89.790 0.446
107.650 101.250 89.790 0.373
1(8.100 102.1m 4S.790 0.386
111.700 104.5d) 85.230 0.407
113.750 107.9q) 89.790 0.3{'6
108.850 1(r.150 99.960 0.330
114.350 106.750 89.7!n 0.416
114.2of) 106.150 89.790 0.421
107.3{n 101.850 $.790 0.370
105.700 l@.en 89.790 0.356
10s.850 98.765 g).6t0 0.389
lorl.:50 99.565 80.670 0.346
109.700 103.550 89.790 0.386
110.150 103.600 89.790 0.3S'4
109.'(n 106.200 99.960 O.g7
1@.450 104.100 89.790 o.it68
112.950 1(r.850 89.790 0.:t97
110.800 16.500 !Xt.960 0.33tit
112.350 107.850 99.9€0 0.366
106.200 102.850 99.960 0.321
109.700 106.950 99.960 0.337
1m.550 1tz46 89.790 0.371
111.300 103.100 89.790 0.417
111.2fi 106.150 89.790 0.370
117.500 111.500 89.790 0.415
119.9@ 110.750 89.790 0.464
107.400 103.6m Gt.790 0.:t45
1(x.9(n 101.2q) 89.790 0.3ri}5
106.850 101.700 89.790 0.366
106.700 104.000 99.960 0.324
104.150 99.965 89.790 0.3[]O
108.6q) 1(}25{D 89.790 0.387
103.700 100.340 89.790 0.323
103.900 97.8m 89.790 0.358
110.200 105.700 &).790 0.362
1.82 598.054
1.UE!
1.091
1.259 - 57.860
1.165
1.454
0.503 786.160
1.162
1.493
1.257 - 48.760
1.158
1.140
1.169
0.850
o.672
0.459
0.514
1.076
0.588
0.fits
0.810
o.385
1.032
0.785
1.053
o.f}27
0.588
0.366
o.ca
1.t21
0.8i6
o.wl
1.152
0.611
o.717
1.057
o.:195
0.781
0.713
0.312
o.809
o.452
o.372
o.727
1.156
0.561
0.5&t
1.O72
0.513
0.484
0.879
o.3al
0.596
1.399
0.451
0.876
0.499
n.w 15.420 18.59)
25.8e0 13.m 17./t80
Environmental variables Signy: continued
Appendix 7
Nematode size measurements, Weddell Sea
L: length (mm)
W: width (mm)
K1,1: (station, replicate)
H3.1H2.1Ht.2
Siamasq@(mnlg-Maltodqt_Wg(llotl $ea
H4,1 H5.1 H5,2 H6,1L W L W L W L W L W L V' L W L IV L W L W L W L Wrm1 0.99 0.05 0.95 0.04 1.20 0.08 ?.25 0.06 0.86 003 1 40 006 0.66 003 3.35 o.O7 1 39 003 0.91 o.O4 2.36 006 082 0.022 097 0.04 2.01 0.06 1.43 0.03 1.05 005 088 0.03 1.0' 004 0.52 0.01 1.51 0.05 127 004 0.67 o.O3 182 0.05 1.22 0.043 1.34 0.03 126 0.05 1.98 0.05 |50 0.04 045 002 0.94 004 0.58 0.02 2.03 0.05 1.41 o.O5 0.99 o.O5 1.95 o.O4 2:t4 o.O84 2.51 0.04 1.21 0.06 1.28 0.06 '1.60 0.05 0.77 003 1.12 0.03 3.41 012 1.76 004 1.40 O.O5 0.93 o03 1.34 o03 1.02 0035 172 0.06 3.50 0.14 2.24 005 1.94 007 1.75 006 1.06 004 1.88 009 1.20 O.O3 097 0.04 1.36 o.O5 2.45 0.12 4.50 0.106 158 0.06 2.5't O.05 2.2A 005 0.91 0.03 1.85 0.09 0.81 0.03 225 0.11 0.91 003 1.01 004 239 0.06 0.79 o.O3 0.87 0.037 2.51 0.05 0.89 0.03 1.11 0.05 1.04 0.03 0.98 0.04 0.61 0.O2 r.95 0.04 1.66 o.O5 130 0.03 1.27 0.O5 1.98 o.O5 1.94 o.O38 0.80 0.03 2.56 0.10 2.50 0.06 2.70 0.07 2.14 0.06 0.67 0.02 0.55 0.02 0.60 0.02 1.49 o.o3 1.11 0.06 1.24 o.O3 1.86 o.O49 1.34 0.04 0.87 0.03 1 60 0.04 1.17 0.04 1.05 003 0.54 002 | 58 0.06 2.45 0.05 t.45 o.O3 1.60 o.O3 1.22 o.O3 1.03 0.05l0 0.86 0.04 0.99 0.04 1.37 0.07 I 25 0.03 I t3 0.03 1.30 0.06 1.99 0.11 1.OO O.O4 1.19 o.O2 2.22 0.04 1.38 0.OS 1.31 o.O4ll 1.66 0.02 1.03 0.05 2.4'l 0.06 0.83 0.03 1.23 004 't.26 0.05 5.60 0.07 o.9o o.o4 2.46 o.o2 0.95 o.o5 1.30 O.O4 1.33 0.0312 0.75 0.03 0.93 0.03 2.77 0.06 1.96 0.04 1.O2 0.04 1.70 0.09 LOl 0.05 0.80 o03 0.78 o.o5 1.18 0.06 2.05 0.04 1.52 o.O813 278 0.05 0.82 0.03 2.54 0.05 095 0.02 0.84 0.04 1.00 0.04 1.04 0.06 2.73 0.06 1.34 o.O2 0.85 0.03 4.06 0.09 2.52 0.071a 0 87 0.03 1.01 0.05 2.87 0.08 2.70 0.06 0.86 0 03 1.84 o.O8 0.97 o.O4 0.98 0.04 0.62 o.O2 0.81 O.O4 0.79 o.O3 0.87 o.O415 0.82 0.03 1.1'l 0.04 1.20 0.08 0.88 0.05 1.65 0.06 3.00 0.07 3.02 o.o9 0.48 o.o3 0.65 0.04 0.71 o.o3 2.67 0.04 1_41 0.0616 0.75 0.02 070 0.03 2.26 0.05 1.02 003 0.92 003 2.55 0.04 LOg 0.06 2.44 o.O5 1.44 0.05 0.92 o.O3 0.72 o.o3 1.39 00417 0.62 0.02 1.23 0.04 1.50 0.04 1.56 0.O2 2.90 0.07 0.90 0.04 1.06 0.06 0.76 o.o4 1.30 O.O5 1.27 o.O3 3.40 0.11 1.26 o.O518 0.55 0.04 0.99 0.04 2.47 0.05 0.67 004 832 0.02 0.91 0.04 0.67 o.o3 1.13 o.O3 o90 0.03 0.83 0.03 0.87 o.O3 3.S5 0.0619 0.99 0.04 0.82 0.03 2.46 0.06 0.77 0.02 0.59 0.03 1.05 o.O4 0.63 0.03 3.14 o.O4 0.96 o.O4 1.29 o.O4 2.,t0 O.O5 2.07 o.O420 0.86 0.04 0.55 0.03 2.33 0.06 '1.32 0.06 0.91 0.03 1.34 0.04 1.52 o.O4 0.95 o.O4 1.11 0.02 1.m O.O4 0.87 o.O4 2.31 0.0621 147 0.03 0.65 0.03 2OB 0.05 2.45 0.02 2.02 O.O3 '1.73 0.03 1.06 0.0,1 2A2 O.O5 1.45 O.O5 't.03 O.O3 ,t.Ol 0.03 2.44 0.0622 2.35 0.05 0.65 0.03 2.21 0.05 2.46 0.04 0.78 o.O3 0.85 o.O3 0.41 0.03 2-24 0.05 1.12 0.03 0.75 0.03 2.35 0.04 3.01 o.O923 0.70 0.02 0.70 0.03 3.74 0.08 0.95 0.05 0.85 0.04 't.37 003 1.54 o.O4 0.96 o.O4 1.44 0.06 1.92 o.O4 2]5 0j0 3.22 o.O9u 0.75 0.02 1. 11 0.o2 1.45 0.04 1.75 0.04 1.00 0.04 0 94 o.o4 1.93 o 05 1.64 o.O3 0.88 o.O3 0.93 0.03 1.23 0.O5 2.22 0.O425 0.88 0.02 0.62 0.02 1.70 0.06 0.78 0.03 2 16 0.04 0.46 0.02 2.14 o.O8 1.25 o.O5 2.OO O.O4 2.28 o.O8 2.19 o.O4 1.94 0.0728 0.49 0.03 1.45 0.02 1.12 0.04 0.91 0.04 1.33 0.06 1.31 0.05 0.54 o.O3 1.64 o.O3 1.30 O.O5 1.32 o.O4 0.98 0.06 ,t.ol 0.0627 0.84 0.03 0.72 0.02 4.16 0.13 0.90 0.03 2.28 0.04 1.49 0.04 2.61 0.07 1.07 0.04 0.78 o.O2 2.OO O.O4 1.82 o.O4 2.40 o.O728 0.53 0.03 3.60 0.04 1.52 0.04 0.43 0.03 2.86 0.07 0.96 0.04 0.71 o.O2 o.S2 o.O4 0.78 o.O4 0.55 o.O5 1.4.t 0.04 o.s6 o.o329 0.73 0.02 0.85 0.03 1.25 0.05 0.92 0.04 350 009 0.71 0.o2 1.04 0.05 1.,14 0.04 0.98 o.O4 1.41 o.O4 t.2o o.o5 2.34 o.O530 069 0.02 085 003 0.87 0.05 0.79 0.03 't.64 0.08 r 34 o.o3 1.54 o.o8 0.98 o.O5 116 o.O5 1.38 o.O3 0.63 o.O2 1.84 o.O331 0.49 O.O2 o 74 Oo2 1.?3 0.05 1.88 0.04 0 96 0.03 0.82 0.03 0.64 0.03 2.33 0.04 1.22 O.OS 3.23 O.Orl 0.52 O.O3 2.29 O.O432 0.95 0.02 0.76 0.03 1.54 0.03 0.79 0.01 1 41 0.05 0.88 o.o'1 0.44 0.03 1.50 o.O4 1.58 o.o8 1.11 o.o5 o.7O O.o3 1.28 O.O433 0.82 0.03 087 004 1.31 0.04 1.22 0.03 0.77 0.04 0.49 0.02 0.50 o.o3 1.08 o.o4 1.38 o.O2 0.77 0.03 1.68 0.03 0.91 o.O33/t 0.55 0.03 0.61 0.04 0.84 0.04 0.48 0.02 0.84 0.o4 0]7 o.o3 0.91 o.o5 1.69 0.06 0.97 o.O4 0.89 o.O4 0.46 o.o2 1.44 o.O435 0.76 0.02 1.4'l 0.03 0.80 0.04 0.55 0.03 1.70 0.04 1.53 o.O7 0.56 o.O3 0.91 o 04 2.71 o.O7 0.79 o.O2 0.60 o.o4 0.96 0.0335 0.59 0.02 1.32 0.03 0.95 0.03 0.68 0.02 I 35 0.05 2.65 0.0S 0.50 0.06 1.91 o.O4 0.93 0.05 0.52 o.o3 0.75 o.o4 1.06 0.0537 0.45 0.02 0.71 0.03 1.73 0.04 0.61 0.02 1.59 0.06 0.69 o.o2 1.30 O.O3 0.70 0.03 0.92 o.o4 0.88 o.o3 1.55 o.O4 1.25 o.O43a 0 46 0.02 0.79 0.03 2.97 0.04 0.54 0.03 1 19 0.04 1.26 0.04 1.O7 o.O3 0.72 o.O3 0.79 o.O3 0.99 o.O4 1.51 0.04 1.60 0.0439 0.67 0.01 o.a2 002 0.88 0.03 0.81 0.o2 101 0.03 0.72 o03 1.01 0.03 1.16 o.O5 0.69 0.03 0.84 o.O3 0.93 o.O5 1.08 o.O14(t 0 52 0.02 1.25 0.02 1.11 0.04 1.18 0.02 0.75 o.O4 1-21 0.03 0.98 o.O5 0.79 o.O2 0.53 o.O2 2.OO O.O5 2.O2 0.O5 1.65 o.O441 0.49 0.02 0.74 0.04 1.74 0.04 0.48 0.02 0.65 003 0.79 0.03 1.62 o.O4 1.04 0.03 1.14 o.O4 0.67 0.02 1.12 o.O2 0.86 0.0242 0.88 0.03 0.75 0.03 1.16 o.il 0.45 0.02 0.70 0.03 1.07 0.03 1.02 0.05 0.72 0.O2 0.89 o.O1 0.74 0.04 1.37 o.O3 1.38 0.03/t3 0.83 0.02 0.71 0.02 0.91 0.04 0.53 0.02 1.01 0.03 1.12 o.O2 1.00 o.O4 0.81 o.o3 0.77 o.o3 0.94 o.o5 0.82 o.o4 1.30 o.o34 1 67 0 02 0.78 0.03 1 12 0.04 0.65 0.03 1. 18 O.O5 0.85 O.O4 1.59 O 06 0.69 O.O2 0.97 O.O,l 2.82 0.6 Lt7 O.O3 2.12 O.O3
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5t 0.50 0.02 0.56 0.02 0.82 0.02 0.57 0.02 0.91 0.02 0.85 0.04 2j7 0.0352 0.50 0.02 0.58 0.01 0.82 0.03 0.58 0.03 0.95 0.03 0.86 0.02 5.57 0.09
53 0.50 0.02 0.58 0.02 0.83 0.04 0.58 0.01 0.95 0.02 0.87 0.02
5a 0.51 0.02 0.58 0.03 0.84 0.02 0.59 0.01 0.95 0.04 0.88 0.0455 0.5't 0.01 0.59 0.02 0.84 0.03 0.61 0.02 0.97 0.04 0.90 0.03
56 0.51 0.02 0.60 0.03 0.84 0.03 0.62 0.02 1.01 0.02 0.91 0.0.1
57 0.52 0.02 0.61 0.03 0.84 0.03 0.63 0.02 1.02 0.04 0.92 0.04
58 0.52 0.02 0.62 0.02 0.85 0.03 0.67 0.03 1.'10 0.04 0.94 0.02
50 0.53 0.02 0.63 0.02 0.86 0.03 0.68 0.03 1.20 0.o2 0.95 0.0460 0.53 0.02 0.63 0.01 0.86 0.03 0.70 0.03 1.32 0.04 0.96 0.046t 0.53 0.03 0.64 0.02 0.87 0.04 0.71 0.03 1.48 0.02 0.98 0.03
a2 0.55 0.02 0.64 0.03 0.89 0.04 0.71 0.03 1.60 0.03 1.00 0.0483 0.55 0.02 0.66 0.02 0.90 0.03 0.72 0.03 1.71 0.03 1.01 0.0564 0.55 0.03 0.68 0.02 0.90 0.03 0.74 0.04 1.91 0.07 1.01 0.0485 0.56 0.02 0.7't 0.03 0.90 0.03 0.74 0.03 1.92 0.02 ,1.03 0.0388 0.56 0.02 0.72 0.O2 0.92 0.02 0.76 0.03 2.@ O.O2 't.05 0.0367 0.56 0.02 0.72 0.02 0.93 0.02 0.76 0.03 2.01 0.05 LO7 0.0568 0.58 0.03 0.76 0.03 0.93 0.04 0.77 0.03 2.13 0.02 1.O7 0.O269 0.60 0.03 0.81 0.02 0.94 0.03 0.82 0.o3 2.27 0.O4 1.07 0.05
70 0.61 0.02 0.83 0.02 0.98 0.04 0.83 0.02 1.08 0.04
71 0.6t 0.01 0.84 0.03 1.00 0 04 0.84 0.04 1.09 0.03
72 0.64 0.01 0.86 0.03 1.00 0.04 0.85 0.03 1.11 0.04
73 0.68 0.02 0.90 0.03 1.O2 0.03 0.89 0.04 1.12 0.O1
71 0.72 0.O2 0.91 0.04 1.03 0.04 0.92 0.03 1.16 0.03
75 0.72 0.02 0.91 0.03 1.03 0.04 0.92 0.03 1.24 0.05
76 0.75 0.02 0.93 0.03 1.03 0.04 0.95 0.03 1.26 0.04
77 0.79 0.03 0.93 0.02 1.04 0.03 0.96 0.04 1.32 0.02
78 0.80 0.01 0.96 0.02 1.08 0.04 0.97 0.04 1.44 0.05
7S 0.82 0.02 0.97 0.02 1.09 0.05 0.98 0.04 1.48 0 04&) 0.83 0.03 0.97 0.03 1.10 0.04 1.01 0.01 1.50 0.058t 0.83 0.04 0.97 0.04 1 17 0.04 1.03 0.04 1.51 0.04
a2 0.84 0.02 0.97 0.01 1.17 0.04 1.04 0.03 1.63 0.0383 0.86 0.04 0.98 0.03 1.19 0.02 r 05 0.04 1.73 0.O2
u 0.87 0.03 0.98 0.03 1.27 0.05 1.05 0.03 199 0.07
85 0.88 0.03 0.99 0.02 1.28 0.03 1.05 0.04 2.14 0.0586 0.90 0.03 1.00 0.05 1.29 004 1 05 0.04 2 17 0.09
af 0.90 0.04 1.02 0.o4 1.34 0.04 1 06 0.04 2.20 0.0588 0.90 0.03 1.04 0.03 1.35 0.03 1 07 0 04 2.22 0.O589 0.91 0.05 1.07 0.03 14't 0.03 1.08 0.04 2.23 0.0590 0.92 0.01 1.09 0.04 1.42 0.02 1.08 0.04 2.48 0.0591 0.92 0.02 1.15 0.06 1.43 0.04 1.12 0.O2 2.66 0.0792 0.92 0.03 1.16 0.06 1.43 0.04 1.13 0.04 3.35 0.0793 0.95 0.04 1.17 0.03 1.48 0.05 1 14 0.0494 0.97 0.02 1.23 0.(}5 1.55 0.05 1.14 0.0595 1.01 0.O2 1.25 0.04 1.55 0.05 1.18 0.0390 1.O7 0.03 1.?6 0.05 r.68 0.08 1.39 0.04
s7 1.10 0.03 1.27 0.U 1.59 0.06 1.41 0.06
s8 1.12 0.U 1.33 0.05 1.72 0.U r.47 0.0590 1.21 0.05 1.44 0.03 1.81 0.05 1.49 0.06
100 1.27 0.O4 1.47 0.05 192 0.08 1.50 0.03
34 cm,2 45 cm,l 45 cm,2 5-lO cm,l $.10 cm.2LWLWLWLYVLW
0.31 0.01 0.37 0.01 0.31 0.02 0.39 0.01
0.34 0.01 0.38 0.01 0.34 0.01 0./t0 0.01
0.36 0.01 0.39 0.01 0.41 0.01 0.51 0.010.50 0.02 0.50 0.01 0.42 0.01 0.55 0.01
o.57 0.02 0.52 0.01 0.44 0.01 0.65 0.02
0.57 0.01 0.53 0.02 0.50 0.02 0.91 0.02
0.66 0.02 0.59 0.02 0.53 0.0t 1.43 0.010.67 0.02 0.61 0.02 0.55 0.(n 1.63 0.020.68 0.02 0.61 0.01 0.58 0.02
0.69 0.02 0.66 0.01 0.60 0.04
0.59 0.02 0.67 0.02 0.60 0.02
0.70 0.02 0.68 0.02 0.68 0.02
0.73 0.02 0.71 0.01 0.74 0.03
0.84 0.03 0.73 0.0,t 0.84 0.03
0.85 0.04 0.84 0.02 1.65 0.04
0.93 0.01 0.99 0.03
0.94 0.03 1.11 0.03
0.98 0.03 1.14 0.04
1.09 0.01 1.23 0.02
1.14 0.03 r.39 0.02
1.15 0.01 1.'13 0.03
1.29 0.02 1.51 0.(X
't.51 0.03 1.70 0.04
1.71 0.02 1.81 0.04
1.75 0.04 1.84 0.03
1.79 0.06 1.97 0.05
1.86 0.03
r.87 0.03
1.91 0.04
2.44 0.O7
Appendix 8
Nematode size measurements, Signy
L: length (mm)
W: width (mm)
Apr 27: (date, 2 replicates pooled)
Sjae4gElromslE trmalodeqqigay
1991 Apr27 Mayl4 May28 Junlt Jun26 Jut.t2 Jut2g Auglo Aug23LWLWLWLWLWLWLWLWLW
I 0.31 0.02 0.33 0.O2 0.44 0.02 0.31 0.02 0.51 o 02 0.51 o.o2 o.3o o 02 0.?4 0 02 0 38 0.022 0.36 0.O2 0.34 0.02 0.50 0 02 0.31 0.o2 0.52 0.02 0.52 o.O2 0.31 o 02 0.30 0.02 0.39 0.063 0.36 0.02 0.34 002 0.63 0.04 0.31 0.02 057 0.1.t 0.57 o 11 0.33 002 0.32 o.O2 o.4o oo24 0.36 0.02 035 002 0.53 005 0.32 0.02 058 o.o3 0.58 0.03 034 o02 0.33 002 0.42 0.o25 0.36 0.02 0.36 0.02 0.54 003 0.34 o.o2 0.58 o.o3 0.58 o.O3 0.36 o.O2 0.34 o.O2 0.43 o.o26 0.37 0 02 0.36 0.02 0 65 0.02 0.39 o 02 0.58 o.o3 0.58 o.o3 0 37 o 02 0.34 0.02 0.43 o.o27 0.38 0.02 0.37 002 0.67 0 03 0.39 o.o2 0.59 o 03 0.59 0.03 0.38 o 02 0.35 0 02 0.46 0.028 0.38 0.02 0.38 0.02 0.67 0.04 0.40 0 02 0.6.1 0.04 0.61 0.04 0.39 0.02 0.36 o.o2 o 46 0.o29 0.39 0.02 0 38 0.02 0.67 0.03 0.4't 0.02 0.65 o.o5 0.65 o.o5 0.40 o.o2 0.37 0.O2 0.47 0.02t0 0.39 0.02 0.39 002 0.7't 0.03 0.42 o.o2 0.65 o.o3 0.65 0.03 o.4o o.o2 0.39 0.02 0.47 0.02
'f t 0.39 0.02 0.39 0.o2 0.72 0.04 0.43 0.02 0.66 0.03 0.66 o.o3 0.42 o.O2 0.39 o.o2 0.47 o.O212 0.39 0.02 0.40 0.02 0.73 0.03 0 43 0.02 0 67 o.o3 0.67 0.03 0.43 o.o2 0.40 o.o2 0.49 o.o213 0.39 0.02 0.40 0.02 0.74 0.04 0.44 0.02 0.67 o 03 0.67 o.o3 0.43 o.O2 0 40 o.o2 0.49 o.o2t4 0.39 0.02 0.42 0.o2 0.74 0.03 0.45 o.o2 0.68 o.o3 0.58 0.03 0 44 0.02 0.41 0.O2 0.50 o.o215 0.40 0.02 0 43 0.02 0.76 0.03 0.45 o.o2 0.68 o.o2 0.68 o.o2 0.45 0.02 0.41 o.o2 0.51 o.o2t6 0.40 0.03 0 43 0.o2 0.76 0.03 0.45 0.02 0.69 0.02 0.69 o.o2 0.45 0.o2 0.42 0.02 0.5.t o.o217 0.41 0 02 0.43 0.02 0.76 0.04 0.45 0.02 0.69 o 03 0.69 0.03 0.45 0.02 0.42 0.02 0.51 o.O2r8 0.41 0.o2 0.43 0.02 0.78 0.03 0.45 o 02 0.69 0.03 0.69 o.O3 0.45 0.02 0.43 0.02 0.51 o_o219 0.42 0.02 0.43 002 0.78 0.03 0.45 0.02 0.69 o.o3 0.69 o.o3 0.45 o.O2 0.43 0.02 0.52 0.0320 0.43 0.02 0.44 0.02 0.79 0.03 0.45 0.02 o.7o O.O3 o.7o O.O3 0.46 002 0.44 0.02 0.52 0.0221 0.43 0.O2 0 44 0.02 0.79 0.04 0.45 0.02 0.71 o.O3 0.71 o.O3 0.45 o.O2 0.45 o.O2 0.53 o.O322 0.44 0.02 0.44 0 02 0.79 0.04 0.45 0.02 0.72 o.o3 0]2 0.03 0.46 o.o2 0.45 o.o2 0.53 o.O223 0.44 0.02 0.45 0.02 o.8o o.o3 0.40 o.o2 o]2 o.o3 o.72 o.o3 o.it6 o.o2 o.4s 0.02 0.53 o.ozu 0.44 0.02 0.45 0 02 0 80 0.04 0.46 o 02 0.73 o.O3 0.73 o.O3 0.47 0.02 0.45 o.o2 0.53 0.0225 0.44 0.02 0.45 0.02 0.81 0.04 0.46 o.o2 0.73 0.03 0.73 o.o3 0.47 o.o2 0.45 o.O2 0.53 0.0226 0.44 0.02 0.45 0.02 0.81 o.O3 0.47 o.O2 0.73 o 03 0.73 o.O3 0.47 0.O2 0.46 o.o2 0.54 o.o327 0.45 0.02 0.45 0 02 0.81 0.04 0.47 o.o2 0]4 0.03 0.74 o.o3 0.48 o.o2 0.46 o.o2 0.54 o.o22a 0.46 0.02 0.46 0 02 0.82 0.04 0.48 o.o2 0.74 0.03 0.74 o.o3 0.48 o.o2 0.46 0.02 0.54 0.022t 0.46 0.02 0.46 0 02 0.82 0.04 0.48 0.02 0]5 o 03 0.75 o.o3 0.48 o.o2 0.46 o.O3 0.54 0.O230 0 45 0.02 0.46 0 02 0.82 0.04 0.48 0.o2 0.75 0.03 0.75 0.03 0.49 o.o2 0.46 0.02 0.54 o.o831 0.46 0.02 0.46 0.03 0.82 0.04 0.48 o.O2 0.75 o.o3 o 75 0.03 0.4g oo2 0.47 o.o2 0.55 o.o232 0.46 0.02 0.45 0 02 0.83 0.04 0.48 0.02 0.75 o.o3 0.76 o.o3 0.49 0.03 0.49 o.o3 0.55 o.O233 0.45 0.O2 0.47 0.02 0.83 0.04 0.49 0.02 0.76 o.o3 0.76 o.o3 0.49 0.02 0.51 0.03 0.55 0.0234 0.47 0.02 0.47 0.02 0.83 0.04 0.49 0.03 0.76 o.o3 0.76 0.03 0.50 0.02 0.51 o.o2 0.55 o.O235 0.47 0.O2 0.47 0.02 0.83 0.03 o.fi o.o2 0]7 0.03 0.77 o.o3 0.50 o.o2 0.51 0.02 0.56 0.0236 0.47 0.O2 0.47 0.02 0.83 o.o4 0.52 0_o2 0]7 o.o3 0.77 o.o3 o.5o o.o5 0.52 o.o3 0.55 o.o237 0.48 0.02 0.48 0 02 0.84 0.04 0.52 0.o3 0.77 o.o3 0.77 o.O3 o.5o o.o2 0.52 o.o2 0.56 o.o238 0.48 0.02 0.48 0.02 0.84 0.04 0.52 o.o2 0.78 0.04 0 78 0.04 0.50 o.o2 0.52 o.o3 0.56 o.O239 0.48 0.03 0.49 0.02 0.84 0.04 0.52 0.O2 0.78 o.o3 0.78 0.03 0.51 0.02 0.53 o.o3 0.57 o.o340 0.49 0.02 0.50 0.03 0.84 0.04 0 52 0.02 0.79 o.o3 0.79 o.O3 0.51 o.o2 0.53 0.o2 0.57 o.o241 0.49 0.02 0.50 002 0.84 o.O4 0.52 o.O3 0.79 0.04 0.79 o.O4 0.51 o.O2 0.54 o.O3 0.57 o.o242 0.50 0.03 0.50 0 02 0.85 0.04 0.53 o.o1 0.79 0.04 0.79 o.o4 0.51 0.06 0.54 o.o3 0.57 0.o243 0.50 0.02 0.50 0.03 0.85 0.04 0.53 0.02 0.79 0.03 0.79 o.o3 0.51 0.02 0.55 0.03 0.57 o.O2u 0.51 0.03 0.51 0 02 0.86 o.o4 0.54 o 02 o.8o o.o3 o.8o o.o3 0.52 o.o2 0.55 o.O3 0.57 0.o245 0.51 0.03 0.5t oo2 0.86 o.o3 0.55 o02 o.8o o.o3 0.80 o.o3 0.52 0.02 0.55 o.o2 0.58 o.o246 0.51 0.02 0.51 0 02 0.86 0.04 0.55 o.o2 0.81 0.03 0.81 o.o3 0.52 o.o2 0.55 o.o3 0.59 o.O217 0.52 0.03 0.52 0 02 0.86 o.o3 0.55 0.03 0.81 o.o3 0.81 0.03 0.53 o.o2 0.55 o.o3 0.59 o.O248 0.52 0.03 0.52 0 03 0.87 0.04 o 56 0.03 0.81 o.o4 0.81 o.O4 0.53 o.o2 0.55 0.03 0.60 0.0249 0-52 0.02 0.52 0.o2 0.87 0.04 0.56 0.02 o.sl o 04 0.81 0.04 0.54 o.ot 0.56 o.o3 0.60 0.0250 0.52 0.o2 0.52 0.02 0.87 o.o2 0.57 o.o3 0.81 o.o3 0.81 0.03 0.54 o.O3 0.56 o.O3 0.6.t o.o251 0.52 0.02 0.52 0 02 0.88 0.03 0.57 o.o3 0.82 0.03 0.82 0.03 0.54 o.O2 0.56 0.04 0.61 0.o252 0 53 0.03 0.52 0 02 0.88 0.03 0.58 o.o3 0.82 o.O4 0.82 0.04 0.54 o.o2 0.56 o.o3 0.62 o.O253 0.54 0.03 0.52 0.03 0.88 0.04 0.58 0.11 0.82 o.O4 0.82 o.O4 0.54 o.ot 0.56 0.02 0.62 o.o254 0.54 0.O2 0.52 0 02 0.89 0.04 0.58 0.O2 0.82 0.04 0.82 o.O4 0.54 o.oi o.so o 03 0.62 0.0255 0.54 0.03 0 53 0.03 0.89 o.o4 0.58 o.o2 0.83 o.O4 0.83 o 04 o 54 0.02 0.56 0.03 0.62 0.0356 0.54 0.02 0 53 0.02 o.9o o.o4 0.58 o.o3 o 83 0.03 0.83 o.o3 0.55 o.o2 0.56 o 03 0.62 0.O257 0.54 0.02 0.54 0.02 0.90 0.04 0.58 o.o8 0.83 o.o4 0.83 o 04 0.56 o.O2 0.57 0.O2 0.62 o.O258 0.55 0.02 0.54 0.03 0.91 o.O4 0.58 o.O2 0.83 o 04 0.83 o.o4 0.56 0.O2 0.51 o.o2 0.63 o.o259 0.55 0.03 0.54 0 02 0 91 0.04 0.60 o.o3 0.83 o.o4 0.83 o.o4 0.56 o.Oi o.sa 0.03 0.63 o.O260 0.55 0 03 0 55 0.03 0.91 0.O4 0.60 o.o3 0.83 o.O3 0.83 o.o3 0 56 0.03 0.58 0.02 0.63 o.o381 0.56 0.02 0.55 0 02 0.91 o.o4 o.5o 0.03 0.84 o.o4 0.84 o.o4 0.56 o.Oi o.sa 0.02 0.63 0.0362 0.55 0.03 0.55 0.04 0.91 0.04 0.61 o.O3 0.84 o.O4 0.84 0 04 0.56 o.O2 0.58 o.O3 0.63 o.o363 0.56 0.03 0.55 0.02 0.92 0.04 0.61 o.o3 0.84 0.03 o 84 o.o3 0.55 o 02 0.58 0.02 0.64 0.0564 0.56 0.03 0.55 0 02 0.92 0.04 0.61 0.02 0.84 0.04 0.84 o 04 0.57 o.o3 0.58 0.04 0.64 o.o765 0.57 0.03 0.56 0.03 0.92 0.04 0.62 o.o2 0.84 o.o4 0.84 0.04 0.58 o.O3 0.58 0.03 0.64 0.0366 0.57 0.03 0.55 0 03 o 92 0.04 0.63 o.o2 0.84 0.04 0.84 o.o4 0.59 o.O' 0.58 0.03 0.64 o.o367 0.57 0.02 0.56 0.02 0.93 0.05 o 63 o.o2 0.84 0 03 o 84 0.03 0.59 o.o3 0.59 o.o3 0.55 o.O368 0 58 0 03 0.57 0.03 0.93 o.o4 0.63 o 03 0.84 o 03 0.84 0.03 0.59 o.O2 0.59 o.o3 0.65 o.o269 0.58 0.03 0.57 0.03 0.93 o.O4 0.63 0.03 0.85 o 04 0.85 0 04 0.60 0.02 0.59 o.o2 0.65 o.o2fo 0 58 0.02 0.57 0.02 0.93 0.04 0.54 o.O2 o 85 o 04 0.85 o.O4 0.60 0.0, 0.59 o.o2 0.65 o.o371 0 59 0.03 0.57 0.o2 0.94 o.o3 0.64 0.02 0.85 0.04 0.85 0.04 0.60 o.o2 0.59 o.o3 0.65 o 03f2 0.59 0.04 0.57 0.03 0.94 o 03 o 64 o 03 0.85 o.O4 0.85 0.04 o.5o 0.04 0.59 o.o3 0.66 o.O573 0.59 0.02 0.57 o.o2 o 95 0.04 0 65 o 03 0.85 0.03 0.85 0.03 0.61 o.o3 0.59 o.o2 0.66 o.O374 0.50 0.03 0.57 0.02 0.95 o.o4 0.65 o 03 0 85 o.O3 0.85 0.03 0.61 0.02 0.60 0.03 0.66 o.o275 0.61 0.02 0 58 0 03 0.96 0.03 0.58 o.o3 0.85 0.03 0.86 o.O3 0.61 o.OJ o.oo o.o3 0.66 0.0276 0.61 0.02 0.58 0.03 0.96 0.04 0.69 o.O3 0.85 o 03 0.86 0.03 o 61 o.o2 0.60 o.o2 o 65 o.O377 0.61 0.03 0.58 o.o3 o 95 0.03 o 70 0.03 0.86 o.o4 0.86 o 04 0.61 o.O3 0.60 o.o3 0.67 o.O278 0.61 0.03 0 58 0 02 0.96 o.o4 0.71 o 03 0.86 o.O4 0.86 o.O4 0.61 o.OS 0.60 o.O3 0.67 o.o279 0 61 0.04 0 58 0.03 0 97 o.o4 0 7'r 0.02 0.86 o.O4 o 86 0.04 0.61 0.03 0.60 o.o3 o 58 o.o280 0.62 0.04 0.58 0.02 0.98 o.o4 071 o 03 0.85 0.04 0.85 o.o4 0.62 o.o2 0.60 o.o3 0.59 0.0281 0.62 0.02 0.59 0 02 0.98 o.o5 o 72 o.O3 0.86 0 04 0.86 0 04 o 62 o 0a 0.60 0.02 0.69 o.O382 0 62 0.03 0.59 0 02 o 98 o.o4 0]2 0.04 0.86 o 04 0.86 o 04 0.62 0.0a 0.60 o.o2 0.69 0.0283 0.63 0.03 0 59 o 03 o 98 o 04 o 72 o.O3 o 85 o.o3 0.86 0.03 0.62 0.03 0.60 o.o2 0.70 o.o284 0.64 0.02 0.59 002 I 01 0.O4 0]2 o.O3 0 86 o.O4 o 86 0.04 0.63 0 02 0.60 o 02 0.70 o 0385 0 64 0.03 0.59 o.o3 1 02 0 04 0]2 0.03 0.86 0.04 0.86 o.o4 o 63 0.0a 0.61 o 02 0.70 0.0386 0.64 0.02 0.60 003 103 004 0.73 o03 086 o04 086 0.04 064 0.03 0.61 0.03 0.71 0.o287 0.64 0.03 0.60 003 1 04 004 073 0.03 086 oo4 0.86 0.04 064 ooa 0.62 oo2 0.71 oo288 0.55 0.03 0.60 o.o2 1 04 0 03 o 73 0.03 o.s7 0.03 0.87 o 03 0.64 o.o2 0.62 o.o2 0.71 0.0389 0.65 0.03 0.50 0.04 1.04 0.04 o 73 o.o3 0 87 o 03 0 87 0.03 0.64 0.03 o 62 0.o2 0.72 0.o390 0.65 0.02 0.60 0.02 1.04 0.05 0.73 0.03 0.87 o.o4 0.87 o 04 0.64 0.02 0.62 002 0.72 0.0391 0.65 0.03 0.50 0.o2 1.05 0.04 0.73 o.o3 0.87 0.04 0.87 o 04 064 0.04 0.62 0 03 o 72 o.O392 0.65 0.03 0.60 o03 1.06 o.o4 074 o.o3 087 004 0.87 o04 065 o03 0.63 003 072 o.O393 0.66 0.03 0 61 0 03 I 08 0 04 0]4 o.O3 0.87 o.O4 0.87 o 04 0.65 o.o3 0.63 o.o2 0.72 0.0394 066 003 061 002 'r08 0.04 0.74 003 087 oo4 087 o.O4 0.55 0.02 0.63 0.03 0.73 0.0395 0.66 0.04 0.61 0.02 1.08 o.O4 0.75 o.O3 0.88 o.O4 o 88 o.O4 0.55 o.o3 0.63 o.o2 0.73 0.0396 067 0.03 061 002 1.08 o03 0.75 003 088 0.04 088 o04 066 o.O3 0.65 o.o3 073 00397 0.67 0.03 061 o03 1.09 o04 075 0.03 0.88 004 088 004 066 003 0.65 o.o2 073 00398 067 003 062 oO3 109 0.04 0.75 o.O4 088 004 088 o04 066 oO3 0.65 0.03 074 oo399 068 003 062 002 1 11 0.05 0.75 0.03 0.88 003 088 oo3 066 oo3 0.66 0.02 0.74 0.03i00 068 0.02 0.62 002 111 0.05 0.76 0.03 088 o.o4 088 o04 066 0.05 0.66 o.o3 074 o.o3
llzs-oeasltg$pnlLcerneledls-Qic4r
1991 Apt27 Mayl4 May28 Juntt Jun26 Jult2 Jut28 Aug.t0 Au923LWLwLWLWLWLWLWLWLWm
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tot 0.84 0.04 0.62 0.04 0.61 0.02 0 59 0.03 0.74 0.02 0.64 0.03 0.64 0.02 1.19 0.04 0.70 0.02
102 0.84 0.04 0.62 0.03 0 51 0.03 0.59 0 03 0.74 0 02 0.64 0.02 0.64 0.03 1.21 0.05 0.70 0.03
t03 0.84 0.03 0.63 0.03 0.61 0.03 0.60 0.03 0 75 0 03 0.64 0.02 0.65 0.02 1.21 0 04 0.70 0.03
to4 0.84 0.04 0.63 0.03 0.61 0.03 0.60 0.03 0.75 0.03 0.64 0 02 0.65 0.03 1.21 0.04 0.71 0.03
to5 0.84 0.04 0.53 0.05 0.61 0 03 0.60 0.04 0.75 0.03 0.65 0.02 0.66 0.02 1.21 0.05 0 72 0.02106 0.85 0.04 0.63 0.02 0.61 0.04 0.60 003 0.75 0.o2 0.65 0.03 0.66 0.02 1.21 004 0.72 0.O2lof 0.85 0.03 0.63 0.03 0.62 0.03 0.61 0.03 0.76 0.03 0.66 0.02 0.66 0.02 1.22 0.06 0.72 0.02108 0.85 0.03 0.63 0.02 0.62 0.03 0.61 0.o2 0.77 0 03 0.66 0.02 0.66 0.03 1.22 0.A 0.72 0.05109 0.85 0.04 0.64 0.03 0.62 0.03 0.61 0.03 0.77 0.02 0.66 0.02 0.67 0.02 1.22 0.O5 0.73 0.03fio 0.85 0.03 0.64 0.03 0.52 0.03 0.62 0.02 0.78 0.02 0.66 0.03 0.67 0.02 1.22 0.U 0.74 0.03lfi 0.86 0.03 0.64 0.03 0.62 0.03 0.63 0.03 0.78 0.02 0.66 0.02 0.67 0.02 1.22 0.05 0.74 0.02112 0.86 0.04 0.64 0.03 0.63 0.03 0.53 0.02 0.78 0.02 0.66 0.02 0.67 0.03 1.22 0.O4 0.75 0.04ft3 0.86 0.04 0.54 0.03 0.63 0.02 0.63 0.04 0.78 0.03 0.66 0.02 0.58 0.02 1.22 0.O5 0.76 0.02111 0.86 0.02 0.64 0.03 0.54 0.03 0.63 0.04 0 78 0.03 0.66 0.02 0.58 0.02 1.23 0 04 0.76 0.04lr5 0.86 0.03 0.66 0.03 0.64 0.02 0.63 0.03 0.78 0.03 0.67 0.02 0.68 0.03 1.23 0.04 0.76 0.02116 0.86 0.04 0.56 0.03 0.64 0.03 0.63 0.03 0.78 0.02 0.67 0.02 0.68 0.02 1.2s 0.02 0.76 0.02l1f 0.87 0.04 0.67 0.03 0.54 0.03 0.63 0.03 0.79 0.03 0.57 0.02 0.68 0.03 1.23 0.04 0.75 0.02118 0.87 0.04 0.67 0.03 0.64 0.03 0.54 0.03 0.79 0.03 0.67 0.02 0.68 0.03 1.24 0.O4 0.r/ 0.03
r19 0.87 0.04 0.67 0.04 0.64 0.03 0.64 0.04 0.80 0.03 0.67 0.03 0.68 0.02 1.24 0.O4 0.77 0.03120 0.87 0.04 0.68 0.03 0.64 0.02 0.64 0.03 0.80 0.03 0.67 0.02 0.59 0.03 1.25 0.o4 0.77 0.03121 0.87 0.(X 0.58 0.02 0.6,4 0.03 0.64 0.03 0.80 0.03 0.68 0.02 0.69 0.03 1.25 0.04 0.2/ 0.03122 0.87 0.04 0.68 0.03 0.64 0.03 0.64 0.03 0.81 0.03 0.68 0.03 0.69 0.03 1.25 0.O2 0.78 0.02123 0.87 0.04 0.68 0.03 0.65 0.03 0.64 0.03 0.8r 0.03 0.69 0.03 0.69 0.03 1.25 0.04 0.78 o.O31A 0.87 0.04 0.68 0.04 0.55 0.03 0.&t 0.03 0.81 0.02 0.69 0.02 0.70 0.03 1.26 0.06 0.79 o.O3125 0.88 0.03 0.68 0.03 0.65 0.04 0.65 0.03 0.8't 0.02 0.69 0.02 0.70 0.03 1.26 0.04 0.79 o.O312A 0.88 0.04 0.68 0.03 0.65 0.03 0.65 0.03 0.82 0.03 0.69 0.03 0.70 0.03 1.26 0.04 0.79 0.02127 0.88 0.02 0.68 0.03 0.65 0.03 0.65 0.03 0.82 0.03 0.69 0.02 0.70 0.03 1.26 0.05 0.79 0.02128 0.88 0.04 0.68 0.03 0.66 0.03 0 65 0.02 0.82 0.03 0.59 0.03 0.70 0.02 1.26 0.05 0.79 0.03t2e 0.88 0.04 0.68 0.03 0.66 0.03 0.55 0.03 0.82 0.03 0.69 0.03 0.70 0.03 1.26 0.05 0.80 0.03i30 0.88 0.04 0.68 0.03 0.66 0.03 0.65 0.03 0.83 0.03 0.70 0.o2 0.70 0.03 1.27 0.o4 0.80 0.0s
f 3t 0.89 0.04 0.68 0.03 0.66 0.03 0.66 0.02 0.83 0.03 0.70 0.02 0.71 0.03 1.28 0.o4 0.80 o.o3132 0.89 0.03 0.68 0.03 0.66 0.03 0.66 0.03 0.83 0.00 0.70 0.02 0.71 0.02 1.28 o.fi 0.80 0.03f33 0.89 0.04 0.68 0.03 0.66 0.04 0.66 0.05 0.83 0.03 0.71 0.02 0.7't 0.03 1.28 0.04 0.80 0.03
r34 0.89 0.04 0.69 0.03 0.66 0.03 0.66 0.03 0.84 0.04 0.71 0.O2 0.72 0.04 1.29 0.05 0.80 0.03
'f35 0.89 0.04 0.69 0.03 0.66 0.03 0.66 0.03 0.84 0.02 0.71 0.O3 0.72 0.O2 1.29 0.04 0.80 0.03
f 36 0.89 0.03 0.69 0.03 0.66 0.03 0.66 0.03 0 84 0.O2 0.71 0.O2 0.72 0.O2 1.29 0.04 0.81 0.03f37 0.89 0.04 0.69 0.03 0.65 0.03 0.56 0.02 0.85 0.03 0.71 0.02 0.72 0.O3 1.29 0.04 0.81 0.03138 0.90 0.04 0.69 0.03 0.65 0.02 0.67 0.03 085 0.03 0.72 0.03 0.72 0.O2 1.29 0.04 0.81 0.03t3t 0.90 0.04 0.70 0.03 0.66 0.02 0.67 0.03 0.85 0.04 0.72 0.03 0.72 0.o2 1.29 0.05 0.81 0.02latt 0.90 0.03 0.70 0.03 0.66 0.03 0.67 0.03 0.86 0.03 0.72 0.02 0.72 0.03 1.29 0.04 0.82 0.03111 0.90 0.04 0.70 0.03 0.67 0.03 0.67 0.03 0.85 0.03 0.72 0.03 0.72 0.08 1.30 0.04 0.82 0.03112 0.90 0.04 0.70 0.03 0.67 0.03 0.67 0.03 0.86 0.03 0.72 0.03 0.73 0.02 1.30 0.04 0.82 0.03143 0.90 0.03 0.70 0.03 0.67 0.03 0.68 0 03 0.86 0.03 0.72 0.o4 0.73 0.03 1.30 0.04 0.82 0.031t|/| 0.90 0.04 0.70 0.03 0.67 0.03 0.58 0.03 0.86 0.03 0.72 0.03 0.73 0.02 1.31 0.03 0.82 0.03145 0.91 0.03 0.70 0.03 0.67 0.03 0.68 0.03 0.86 0.03 0.72 0.03 0.74 0.03 1.31 0.04 0.82 0.0314A 0.91 0.04 0.70 0.03 0.68 0.03 0.68 0.03 0.85 0.03 0.73 0.03 0.74 0.03 1.31 O.O5 0.83 o.O3147 0.9't 0.03 0.70 0.04 0.68 0.02 0.69 0.03 0.86 0.03 0.73 0.03 0.74 0.03 1.32 o.O4 0.83 0.0314 0.91 0.04 0.70 0.03 0.68 0.03 0.69 0.03 0 86 0.03 0.73 0.03 0.74 0.02 1.32 0.05 0.83 o.o3
r49 0.92 0.04 0.70 0 03 0.68 0.03 0.69 0.02 0.86 0.03 0.73 0.03 0.75 0.03 1.33 0.04 0.83 0.04l5o 0.92 0.03 0.71 0.03 0.69 0.03 0.69 0.03 0.87 0.03 0.73 0.02 0.75 0.03 1.34 0.03 0.83 o.O4151 0.92 0.04 0.71 0.03 0.69 0.02 0.69 0.03 0.87 0.04 0.74 0.03 0.75 0.02 1.34 o.O5 0.83 o.O4152 0.92 0.05 0.71 0.03 0.69 0.02 0.69 0.03 0.87 0.04 0.74 0.O2 0.76 0.03 1.34 o.O4 0.83 0.03153 0.92 0.03 0.71 0.03 0.69 0.03 0.70 0.03 0 87 0.04 0.74 0.03 0.76 0.03 1.34 0.04 0.83 o.O3154 0.93 0.04 0.71 0.03 0.70 0.04 0.70 0.03 0.87 0.04 0.74 0.02 0.76 0.03 1.36 0.03 0.84 oO3t55 0.93 0.04 0.71 0.03 0.70 0.03 0.70 0.03 0.88 0.03 0.74 0.03 0.76 0.03 1.36 0.05 0.84 0.03158 0.94 0.03 0.71 0.03 0.70 0.03 0.70 0.03 0.89 0.03 0.75 0.03 0.76 0.03 1.37 0.04 0.84 0.03f57 0.94 0.04 0.71 0.03 0.70 0.03 0.70 0.02 0.89 0.04 0.75 0.03 0.77 0.o2 1.39 o.O7 0.85 0.03158 0.94 0.04 0.72 0.03 0.70 0.02 0.70 0.03 0.89 0.03 0.75 0.03 0.77 0.03 1.39 0.04 0.85 o.O4t5t 0.95 0.04 0.72 0.03 0.71 0.03 0.71 0.03 0.89 0.03 0.75 0.02 0.77 0.03 1.40 o.o3 0.85 o.o3160 0.95 0.04 O.72 O.O3 O.71 0.Ol 0.71 0.03 0.89 0.03 0.75 0.02 0.78 0.03 1./tO O.O5 0.86 O.O3161 0.96 0.03 0.72 0_O3 0.71 0.03 0.71 0.03 0.89 0.03 0.75 0.03 0.78 0.03 1.40 o.O5 0.86 o.O3142 0.96 0.04 0.72 0.03 0.71 0.03 0.71 0.03 0.90 0.02 0.76 0.02 0.78 0.02 1./t0 0.05 O.g5 0.04t83 0.97 0.O4 0.72 0.03 0.71 0.02 0.72 0.03 0.90 0.05 0.76 0.02 0.79 0.03 1.41 0 05 0.86 0.0416/t 0.97 0.04 O.72 O.o3 o.71 0.03 0.73 0.03 0.9O 0.04 0.75 0.02 0.80 0.03 1.41 0.04 o.s6 0.03105 0.97 0.04 0.72 0.03 0.71 0.03 0.73 0.03 0.90 0.04 0.76 0 02 0.80 0.03 1.41 o.o5 0.86 0.03166 0.98 0.04 0.73 0.03 0.71 0.03 0.73 0.03 0.90 0 04 0.76 0.03 0.80 0 03 1.42 o.O5 0.87 o.O4167 0.98 0.04 0.73 0.03 0.72 0.02 0.73 0.03 0.91 0.03 0.76 0.03 0.81 0.03 1.42 0.05 0.87 o.O3168 0.99 0.04 0.73 0.03 0.72 0.O2 0.73 0.03 0 91 0.04 0.77 0.03 0 81 0.03 1.42 0.O4 0.87 o.O3160 0.99 0.05 0.73 0.03 0.72 0.03 0.73 0.03 0.91 0.03 0.77 0 02 0.81 0.03 1.43 0.04 0.87 o.O31fo 1.00 0.04 0.73 0.03 0.72 0.o2 0.73 0.03 0.92 0.03 0 77 0.03 0.82 0.03 1.43 0.06 0.89 o.O4171 1.m 0.05 0.73 0.03 0.72 0.02 0 74 0.03 0.92 0.03 0.77 002 0.83 0.03 1.43 o.O4 0.89 o.O4172 1.01 0.04 0.74 0.03 0.72 0.03 0 74 0 03 0.92 0.03 0.77 0 03 0.83 0.03 1.43 0.05 0.89 0.04173 1.02 0.04 0.74 0.03 0.72 0.03 0 74 0.03 0.93 0.03 0.77 0 03 0.83 0 03 1.44 o.O3 0.89 o.O4171 1.02 0.04 0.74 0.03 0.72 0.O4 0.74 0.03 0 94 0 03 0.78 0.03 0.83 0.03 1.44 0.05 0.89 o 03
r75 1.03 0.04 0.74 0.03 0.72 0.03 0.74 0.03 0.94 0.03 0.78 0.02 0.83 0.03 1.44 0.04 0.89 0.031f8 1.03 0.09 0.74 0.O2 0.73 0.03 0.75 0.03 0.94 0.04 0.79 0.03 0 84 0.03 1.44 o.O5 0.9,t O.O3177 1.04 0.05 0.75 0.03 0.73 0.03 0.75 0.03 0.94 0.04 0.79 0.03 0.M 0.03 1.44 0.03 0.91 o.O3174 1.04 0.04 0.75 0.03 0.73 0.03 0.75 0.03 0.94 0 04 0.79 0.03 0.84 0.02 1.45 0.04 0.91 o.O4179 1.04 0.04 0.75 0.03 0.73 0.03 0 75 0.03 0.94 0.04 0.79 0.03 0.84 0.03 1.45 o.O5 0.92 0.03i80 1.05 0.03 0.76 0.03 0.73 0.04 0.75 0.03 095 0.03 0.80 0.03 0.84 0.03 1.45 o.O7 0.92 o.O3181 1.05 0.04 0.75 0.03 0.73 0.03 075 003 0.95 0.03 0.80 0.02 0.84 0.03 ,1.46 o.O7 0.92 o03142 1.05 0.05 0.76 0.03 0.73 0.02 0.76 0.03 0.95 0 04 0.80 0.03 0.84 0.03 1.46 0.05 0.92 o.o3183 1.06 0.04 0.76 0.03 0.73 0.03 0 76 0.03 0.95 0.04 0 80 0.03 0.84 0.o2 1.46 o.O5 0.93 0.04184 '1.06 0.04 0.75 0.03 0.73 0.04 0.76 0 03 0 95 0.02 0.80 0.03 0.84 o.o3 1.47 o.O5 o 93 o.O3185 'f.06 0.05 0.76 003 0.74 0.o2 077 003 095 0.04 0.80 0.03 0.84 003 1.47 0.05 0.93 o.O3f86 1.06 0.05 0.76 0.03 0.74 0.03 0.77 003 0.96 0.03 0.80 0.03 0.84 0.03 1.47 o.O4 0.94 0.03147 1 08 0 05 0.76 0.03 0 74 0.03 0 77 0.03 0 96 0 03 0.81 0.03 0.85 0.03 l.ll8 0.05 0.94 o.o2f88 1.08 0.04 0.76 003 0.74 0.03 077 0.03 096 0.04 0.81 002 0.85 o.o4 1.49 0.06 0.94 003189 1.08 0.04 0.76 0.03 0.74 0.03 0.77 003 096 003 0.81 0.03 085 o.o3 1 49 0.04 0.95 0.03190 1.08 0.05 0.77 004 0.75 0.03 077 003 0.96 0.03 0.81 o02 0.85 o04 1.50 o06 0.97 o.O3191 I 08 0.04 0.77 0.03 0.75 0.03 0.77 0.03 096 0.03 0.81 o.o3 0.85 o.o3 1.50 O.O5 0.97 0.03192 1.08 0.05 0 77 0.03 0 75 0 03 0.77 0.03 0 97 0.03 0.8,1 0.03 0.85 0 03 1.51 0.06 0.98 0.04193 1.09 0.04 0.78 0.03 0.75 0.03 0.78 0.03 097 o.O4 0.82 0.03 085 o.O3 1 51 0.05 098 o.O3t94 1.09 0.(X 0.78 0.03 0.75 0.04 0.78 0.03 0.97 0.04 0.83 0.03 0.85 0.03 1 51 0.04 0.98 0.041S5 1.09 0.04 0.78 0.03 0.75 0.03 0.78 0.03 0.97 003 0.83 003 0.85 0.03 I 52 0.05 0.99 o.O3196 1.09 0.04 0.78 0.04 0.76 0.04 0.78 0.03 0.97 0.03 0.83 0.02 o.s6 o 03 1.53 o.o5 0.99 0.04197 1.09 0.05 0.78 0.03 0.76 0.04 0.78 0.03 0.97 o.O3 0.84 o.O3 0.86 o.O3 1.53 o.O5 0.99 0.03198 1.09 0.05 0.78 0.04 0.76 0.03 0.79 0.03 0.97 o.O4 0.84 o03 0.86 003 1.54 o06 .t.00 0.04
'199 1.09 0.04 0.78 0.03 0.76 0.03 079 o03 0.98 o03 0.84 o.o2 0.86 o03 1.55 o.O5 1.00 0.042{n 1 09 0.05 0.78 0.03 0.76 0 03 0.79 0.04 0.98 o.o3 0.84 o 03 0.87 0.04 1.55 0.05 1.OO O.O3
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146 004 1.07 004 1.07 005 092 oo4 138 005 1.22 004 1.31 0.05148 006 1.O7 0.04 108 003 0.92 004 139 oO5 123 005 136 o.O41.49 007 1 08 005 1 09 007 0.92 004 1 42 006 1.23 005 1 39 007150 0.07 109 0.04 109 0.05 092 004 143 0.03 1.24 0.05 139 005150 007 109 0.05 1.09 005 0.92 004 145 004 .1.26 0.05 1.40 003151 0.08 1 10 0.06 1.09 005 0.92 oo4 147 006 1.27 0.04 1.41 0.05151 0.06 110 005 1.11 004 092 0.04 1.49 o05 127 0.05 1.42 0.05
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1 10 004 078 0.03 0.77 0.03 0.79 004 099 003 0.85 0.04 0.87 0.02 1 55 0.05 1.00 0.041.10 0.04 079 0.04 0.77 0.03 080 0.04 099 0.03 085 003 087 0.04 1.56 o05 101 o.O31.10 0.05 0.79 003 0.77 0.03 0.80 004 100 0.04 0.85 003 087 0.03 156 006 101 oO41.10 0.05 0.79 0.02 077 003 0.80 003 1.00 003 086 o.o3 087 0.03 157 o.O5 LO2 0.031.10 0.04 079 0.03 0.77 0.04 080 003 1.01 003 0.85 003 0.87 o.o3 157 0.06 1.O2 o031.10 0.04 0.79 0 03 0 78 0 03 0.80 0.03 1 01 0.03 0 86 0.03 0.88 0.03 1.59 0.06 1 02 o.O41.10 0.05 0.79 0.03 0.78 003 0.80 004 1.0.t oo2 0.85 o03 0.88 0.04 160 0.05 1.02 o.O4
1.1 1 0.05 0.80 0.04 0 78 0 04 0.80 0.03 1 02 0.03 o 86 0.03 0.88 o.O3 1.50 0.08 l.o3 0.o51.11 0.04 080 0.03 0.78 004 0.80 0.04 1 02 0.04 0.86 0.03 0.88 o.o3 1.60 0.07 1.04 o.O41.11 0.04 0.80 004 0.79 003 080 0.04 102 0.03 0.86 0.03 0.88 0.04 .1.61 o.O3 1.04 o041.12 005 0.80 0.04 079 0.03 0.81 0.04 1.02 0.04 087 o.O3 0.88 003 1.51 0.05 1.04 o.O31.t2 0.04 0.81 003 079 0.03 081 004 102 0.04 0.87 o03 0.89 0.03 162 o.O5 LO4 o.O3112 0.05 0.81 003 0.79 003 0.81 0.03 103 0.03 0.87 0.03 0.89 0.02 1.62 o05 1.04 004
1 12 0.05 0.81 0.02 0.79 0 04 0.81 0.03 1 03 0.04 0 87 o.o3 0 89 o.O3 1.63 o.O4 1.04 o.O4
't.12 0.05 0.81 003 0.80 0.03 0.81 0.04 1.04 003 0.87 o04 0.90 o.o3 1.64 o.O5 1.05 0.04
1 12 0.05 0.82 0.03 0.80 0.03 0.81 0.03 1.04 0.04 0.87 0.03 0.90 o.o3 1.65 0G5 1 06 0.031.13 0.04 0.82 0.04 081 004 0.81 0.03 1.04 0.04 088 003 0.91 004 1.65 0.05 1.06 o031.13 0.04 0.82 003 0.81 003 081 003 105 0.02 0.88 003 0.91 003 1.65 0.04 1.06 0.03
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3.01 0.o5 1.99 0.03
3.02 0.05 2.01 0.04
3.02 0.04 2.(x] O.O8
3.02 0.05 2.05 0.073.r9 0.06 2.35 0.04
2.38 0.04
2.4tt 0.M
2_46 0.04
2.58 0.04
2.6,4 0.04
2-78 0.O5
1992
/ol
102
to3
404
ll{,5
/o0
10f
a{r8
/o9
rl,l 0
111
412
413
1la
415
at6
41f
at8
al9
.N
421
122
ati
.A
125
128
427
aza
a2g
430
a3t
at2
433
Jan l0 J.n22 F.b I Fob 26
Sizimrasu|gmnli nmaladot sionv
Apr'16
LW
2.06 0.'10
2.06 0.09
2_15 0.,10
2.17 0.12
2.32 0.05
2.44 0.14
2.90 0.05
May 29 Jun 13
LWLW
ilay 4
LW
May 15
LWLWLWLWLW
'f.99 0.10 1.96 0.05 2.11 0.12 1.90 0.10
2.01 0.l l 1.96 0.11 2.13 0.05 1.9t 0.11
2.O't 0.04 1.98 0.10 2j4 0.12 1.92 0.'t2
2.O1 0.09 1.98 0.11 2j8 0.06 1.92 0.10
2.O1 0.11 2.@ 0.11 2.18 0.05 1.93 0.10
2.O1 0.11 2.00 0.05 2.22 0.07 1.93 0.11
2.02 0.11 2.OO 0.10 2.28 0.06 1.921 0.11
2.02 0.1r ?.O2 0.11 2.47 0.07 'r.95 0.09
2.O2 0.09 2.O2 0.05 2.63 0.05 1.97 0.10
2.O3 0.11 2.O3 0.'t0 2.67 0.06 2.@ 0.04
2.03 0,10 2.05 o.tl 2.72 0.06 2.@ 0.09
2.09 0.05 2.06 0.11 2.78 0.06 2.O1 0.09
2.10 0.1r 2.O7 0.08 2.79 0.05 2.O2 0.,t 1
2.13 0.04 2.08 0_12 2.94 0.06 2.U 0.10
2.17 0.04 2.10 0.05 3.35 0.08 2.O5 0..t0
2.24 0.O5 2.13 0.04
2.44 0.05 2j6 0.05
2.59 0.O5 2.31 0.06
2.50 0.14 2_U O.(X
2.61 0.05 2.6 0.05
2.65 0.06 zX 0.07
2.6 0.06 2.fi 0.06
?.59 0.05 2.57 0.O5
2.69 0.05 2.69 0.06
2.70 0.05 2.71 0.06
2.74 0.05 2.73 0.06
2.81 0.06 2.87 0.06
2.81 0.O5 2.87 0.05
2.82 0.06
2.85 0.06
2.96 0.07
2.99 0.05
1992 Jul 1 Juf 18 Jul 28 Aug 15 Avg27 sop 11 sep 28 OctT Ocl27 Nov l0
L W L W L W L W L W L IV L W L W L YV L W
0.26 0.01 0.31 002 030 001 035 0.01 023 0.o2 057 002 0.25 0.03 0.40 0.02 027 001 037 002
o27 0.01 0.32 0.02 0.33 0.02 036 0.0t 026 00r 0.63 0.02 029 001 041 001 029 001 038 001
0.27 0.01 0.33 0.03 0.35 0.02 0.40 0.02 0 26 0 01 0.63 0 02 0.34 0.01 0.42 0.01 0 29 0 01 0 38 0.02
028 0.01 0.34 0.01 0.36 0.05 040 001 0.26 0.01 0.66 003 035 001 0.46 0.02 0.29 0.01 039 002
0.29 002 0.35 0.02 036 0.01 049 002 0.29 00t 0.71 0.03 036 002 0.47 0.o2 0.30 0.01 039 002
0.32 0.01 0.36 00't 0.37 0.01 050 002 0.29 0.ol o74 0.03 036 002 0.47 0.02 0.30 0.02 042 001
0.33 0.01 0.39 0.02 0.38 0.02 0.50 0.01 0 30 0 02 0.74 0.04 0.37 0.01 0 49 0.02 0 30 0.02 0.43 0.02
0.34 0.02 0.40 0.02 0 39 0.02 0.51 0.01 0.31 0 01 0 77 0.05 0.39 0.02 0.49 0.02 0.30 0.02 0.45 0 02
0.34 0.01 0.40 0.02 0 39 0.01 0.52 0.02 0 31 0.02 0.80 0.03 0.39 0.o2 0.52 0.02 0.31 0.0'l 0 45 0.02
0.35 0.01 0.40 0.02 0.39 0 02 0.53 0 02 0.32 0.o2 0.80 0.02 0.42 0.o2 0.53 0.02 0.34 0.02 0.45 0.02
0.35 0.01 0.40 0 02 0 39 0.02 0.54 0.o2 032 0 02 0.81 0.03 0.42 0.02 0.53 0.02 0.34 0.01 0.47 0.o2
0.35 0 01 0.41 0.02 0.39 0 02 0.54 0 02 0.32 0.0'l 0.8'l 0.03 0.44 0.02 0.53 0.02 0.34 0.ol o.47 0.02
0.36 0.02 0.41 0 02 0.40 0.02 0 54 0.0'l 0.35 0.02 0.86 0.03 0.45 0.0? 0.55 0.02 0 34 0.01 0 49 0.02
0.35 0.01 0 41 0 02 0.40 0.02 0.55 0.02 0.35 0.02 0.87 0.03 0 46 0 02 0.55 0 02 0 35 0.01 0.49 0.02
0.37 001 0.42 002 0.40 0.02 0.56 001 0.35 001 0.88 0.03 0.46 0.02 056 002 035 001 0.51 0.02
0.37 0.o2 0.42 0.02 0.40 0.01 0.57 0.03 0.35 0.01 0.88 0.03 0.46 0.01 0.56 0.02 0.35 0.ol 0.52 0 02
0:39 001 0.43 0.02 041 0.o2 057 002 0.36 0.02 0.89 0.03 047 002 0.57 0.02 036 0.01 054 002
0.40 0.01 0.43 0 02 0.41 0.02 0.59 0.02 0.36 0.01 0.90 0 03 0.41 0 02 0.57 0 02 0 36 0.01 0.55 0.02
0.41 0.02 0.44 0.02 0.41 0.02 0.59 0.02 0.37 0.02 0.91 0.02 0.48 0.02 0.58 0 02 0.36 0.01 0.56 0.02
o 41 0.o2 0 45 0.02 0 42 0.o2 0 59 0.02 0.38 0.01 0.93 0.03 0.48 0.02 0.58 0.02 0.36 0.01 0.57 0.02
0.41 0.02 0.45 0.02 0.43 0.02 0.60 0.02 0 38 0.02 0.94 0.04 0 48 0.02 0.58 0.02 0 36 0.ol 0.58 0.02
0.42 0.o2 0 46 0.02 0.43 0.02 0.61 0 02 0.38 0.02 0.94 0 03 0.49 0.01 0.58 0.02 0.37 0.02 0.58 0.02
0 43 0 02 0.47 0.o2 0.43 0.02 0 63 0 05 0.39 0.02 0.96 0.03 0.49 0.02 0.58 0.o2 0.37 0.02 0.59 0.02
0.43 0.02 0 47 0.o2 0.43 0.02 0.64 0.03 0.39 0.02 0.95 0 03 0.51 0.o2 0.59 0.02 0.37 0.02 0.59 0.02
0 43 0 02 0.48 0.02 0 44 0.o2 0.65 0.03 0.39 0.02 0 96 0.04 0.51 0.O2 0.59 0.02 0.37 0.02 0.60 0.02
0.43 0.02 0.48 0.03 0.44 0.02 0 65 0.02 0.39 0.01 0.97 0 03 0.51 0.02 0.60 0.02 0.34 0.02 0.60 0.02
0.43 0 02 0.48 0.02 0.44 0.02 0.55 0.02 0.39 0.02 0.98 0.04 0.52 0.02 0 60 0.02 0.38 0.02 0.61 0.02
0 43 0.02 0 49 0.02 0.45 0.02 0 66 0.02 0.39 0.02 0.98 0.04 0.53 0.01 0.60 0.02 0.38 0.02 0.62 0.o2
0.44 0 02 0.49 0.02 0.45 0.02 0.65 0.02 0.40 0.02 0 98 0.04 0.53 0.02 0.6'1 0.02 0 38 0.01 0.62 0.02
0.44 0.02 0.49 0.02 0.45 0.02 0.66 0.02 0.40 0.02 0.99 0.02 0 53 0 01 0.61 0.02 0.38 0 01 0.63 0.02
0 45 0.02 0.49 0.02 0.46 0.02 0 67 0.02 0.40 0.02 1 01 0.04 0.53 0.01 0 61 0.02 0.38 0.01 0 65 0.02
0.45 0.02 0.49 0 02 0.45 0.02 0.67 0.02 0.40 0.01 1.02 0.03 0.55 0.01 0.62 002 0.38 0.02 0.55 0.03
0.47 002 0.49 0.03 0.46 0.02 0.68 0.03 o.il() 0.01 '1.02 0.03 0.55 0.02 0.63 0.02 0.39 0.01 0.65 0.02
o.47 0.02 0.49 0.02 0.46 0.01 0.69 0.03 0.41 002 103 0 04 0.55 0.01 0.63 0.02 0.39 0.02 0.67 0.03
0.48 0.o2 0.50 0.03 0.47 0.02 0.71 0.02 0.41 0.01 1 04 0.03 0.56 0.02 0.63 0.02 0.40 0.02 0.67 0 02
0.48 0.02 0.50 0.02 0.47 0.o2 0.71 0.03 0.41 0.o2 1.07 0.03 0.56 001 0.63 0.02 0.40 0.02 0.67 0.04
0.48 0.02 0.50 0.02 0.47 0.02 072 0.o2 0.4't o.o2 1.08 0.03 0.56 0.02 0.64 0.03 0.40 0.02 0.67 0.02
0.49 0.02 0.50 0.02 0 47 0.o2 0.72 0.02 0.41 0.02 1 08 0.03 0.56 0.02 0.64 0.03 0.40 0.02 0.67 0.02
0.49 0.02 0.50 0.02 0.47 0.02 0.74 0.02 0.41 0.01 1.08 0.03 057 002 064 0.02 0.41 0.02 068 0.02
0.49 0 02 0.51 0.02 0.49 0.o2 0.71 0.03 0.41 0.ol 1.08 0.03 0 57 0.02 0.54 0.02 0 41 0 01 0.68 0 03
0.50 0.02 0.51 0.03 0.49 0.02 0.74 0.O2 0.42 0.O2 1.09 0.03 0.57 0.02 0.64 0.02 0.41 0.02 0.69 0.03
0.51 0.03 0.52 0.02 0.49 0.02 075 0.03 0.42 0.02 1.'10 0.03 0.58 0.02 0.64 0.02 0.41 002 0.69 0.03
0.51 0.o2 0.52 0.o2 0 50 0.02 0.75 0.03 0 42 0.01 1 '10 0.03 0.58 0.02 0.65 0.05 0.41 0.o2 0.59 0 03
0.53 0.02 0.53 0.02 050 0.02 0.78 0.o2 042 0.o2 1.10 0.03 0.58 0.02 0.55 0.02 0.42 0.0'l 0.59 0.05
0.53 0.02 0.53 0.02 0.50 002 074 o02 0.43 0.02 110 004 0.58 0.01 0.65 0.02 042 002 0.69 003
0.53 0.02 0.53 0.02 0.50 0.02 0.79 0.o2 043 002 111 0.03 0.58 0.02 0.65 0.02 0.42 00l 069 0.03
0.54 0.02 0.54 0.02 0.51 0.02 0.79 0.03 0.43 0.0'l 1 12 0.03 0.58 0.01 0.65 0.02 0.43 0.01 0.70 0.04
0.54 0.02 0.54 0.02 052 0.02 081 0.03 043 0.02 1.'13 0.03 0.59 0.02 0.55 0.02 0.43 002 0.70 0.02
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3
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5
6
8
9
t0
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16
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't8
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42
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4
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46
4f
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59
80
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0.54 0.02 0.54 0.02 0.52 0.02 0.82 0.03 0.43 0.02 1.'13 0.03 0.59 0.01 0.65 0.02 0.43 0.02 0.70 0.03
0.55 0.03 0.54 0.02 0.52 0.o2 0.82 0.o2 0.43 0.o2 ',l 15 0.03 0.60 0.02 0.66 0.02 0 44 0.02 0.70 0.02
0.59 0.03 0.56 0.02 0.54 0 03 0.90 0.02 0.45 0.02 1.18 0 03 0.64 0.02 0.68 0.02 0 47 0.o2 0.71 0.03
0.56 0.03 0.54 0.02 0.53 0.02 085 0.03 0.43 0.02 r 15 0.03 0.50 0.0'! 066 00? 044 002 0.70 0.03
0 57 0 04 0.55 0.02 0.53 0.02 0.85 0.03 0.44 0.02 1.15 0.03 0.61 0 02 0 67 0 02 0 rt5 0.02 0.70 0 02
0.57 0.02 0.55 002 0.53 0.02 0.87 0.02 0.44 0.02 1 16 0.04 0.61 0.02 0.67 0.03 0.45 002 0.70 0.02
0.57 0.o2 0 56 0 02 0.53 0.02 0.87 0.01 0 44 0.01 1 16 0.03 0.62 0.01 0.67 0.O2 0.4s 0.02 0.70 0.03
0.57 0.03 0.56 0.02 0 54 0.02 0.88 0.03 0.44 0.02 1.11 0 03 0.63 0.04 0.67 0.02 0.46 0.O2 0.70 0.02
0.58 0.02 0.56 0.02 0.54 0.02 0.89 0.03 045 0.02 1 17 0.03 0.64 0.02 0.68 0.02 0.46 002 0.71 0.03
0.59 0.02 057 002 0.55 0.02 0.90 0.03 0.45 0.02 120 0.05 0.55 0.02 0.68 0.02 0.47 002 0.72 0.03
0.60 0.03 0.58 0.02 0.56 002 0.92 0.03 0.45 0.0r 120 002 066 0.02 0.68 0.03 0.47 0.o2 0.72 003
0 60 0 03 0.58 0.02 0.56 0.02 0 92 0.03 0.45 0.o2 1 21 0.04 0 57 0.02 0 68 0.O2 0.47 0.O2 0.74 002
0.50 0.02 0.58 0 03 0.56 0.01 0.92 0.03 0.45 0.0? 1 22 0.04 0 67 0.02 0.68 0.02 0 48 0.02 0.74 0.03
0.51 002 0.58 0.02 0.56 0.03 0.93 0.03 0.46 0.02 I 22 0.04 068 002 0.69 0.02 0.48 0.02 0.74 0.03
0.61 0.02 0.59 0.02 0.57 0.02 0.94 0.02 0.46 0.02 I 22 0 02 0.68 0.04 0.69 0.02 0.48 0.02 0_74 0.03
0.6'f 0 03 0.59 0.02 0.57 0.02 0.94 0 02 0.46 0 02 1.22 0.03 0.68 0 03 0.69 0.03 0.48 0.o2 0.74 0.o2
0 51 0.02 0.59 0.02 0.58 0.02 0.94 0.03 0.46 0.01 1.23 0.03 0.70 0 02 0 69 0.02 0.48 0.02 0.75 0.03
0.62 002 059 0.02 0.58 0.02 0.96 0.04 046 0.02 123 004 071 002 0.69 0.02 0.48 0.02 0.75 003
0 62 0 03 0.60 0 02 0.58 0.02 0.97 0.o2 0.45 0.02 1.23 0.04 0.72 0.03 0 70 0 02 0.48 0.o2 0.75 0.03
0.62 002 060 0.02 0.59 0.02 097 0.o2 0.46 0.02 1 23 0.04 0.74 0.03 0.70 0.02 0.49 0.02 075 0.03
0.63 0.07 0.60 0.02 0.60 0.02 0.97 0.04 0.46 0.02 1.24 0.04 0.74 0.02 0.70 0.02 0.49 0.02 0.76 0.06
0.63 003 0.50 0.02 0.60 0.02 098 0.o2 0.46 0.02 1.24 0.04 074 0.o2 071 0.03 0.49 0.02 0.76 0.o2
0.63 0.03 0.60 0 02 0.50 0.02 0.98 0.02 0.46 0 02 1.24 0.03 0.75 0.o2 0.71 0.02 0.49 0.03 0.76 0.05
0 55 0 03 0.50 0.02 0.60 0.02 1 0'1 0.03 0.46 0.02 1 25 0.04 0 76 0.03 0.71 0.03 0.49 0 02 0.76 0.03
0.65 002 0.50 0.02 0.61 0.03 10r 0.03 0.47 0.01 125 004 0.77 0.01 071 0.03 049 0.o2 0.76 0.02
0.66 002 0.61 0.02 0.61 0.o2 101 0.02 047 002 125 003 077 002 0.71 0.03 049 0.02 0.75 003
0.66 0.02 0.61 0.02 0 61 0.03 '1.01 0.o2 0.47 0.01 1.25 0.05 0.77 0.03 0.71 0.03 0.50 0.02 0 76 0 03
0.66 0.03 0.61 0.o2 0.62 0.o2 102 0.o2 0 47 0.02 1 27 0.04 0.78 0.03 0.71 0.03 0.51 0.03 0 77 0.02
0.67 0.03 0.61 0.03 0.62 0.02 1.03 0.03 0 48 0.02 1.27 0.O4 0 78 0.03 0.72 0.03 0.51 0.O2 077 0 03
0.68 0.02 0.62 0.o2 0.63 0.03 't.05 0.02 0 48 0.02 1.29 0.04 0.80 0.03 0.72 0.02 0.51 0.02 0.78 0.03
0.58 0.03 0.62 0.03 0 63 0.02 1 06 0 02 0 48 0.02 1 30 0.04 0.80 0.02 0.72 0.03 0.51 0.02 0 79 0.03
068 003 0.63 002 063 0.o2 107 0.03 0.48 0.01 1.30 0.04 0.80 0.03 0.72 0.03 0.52 002 079 003
0.70 0.03 0.63 0.02 0.63 002 108 0.o2 048 0.02 132 0.04 0.80 0.03 072 003 0.52 0.02 07s 0.03
o.70 002 0.63 003 065 0.03 108 0.03 048 002 132 0.04 0.80 0.02 0.73 0.03 0.52 002 080 003
0.70 0.03 0.64 0.02 0.65 0.02 1.09 0 02 0 48 0.02 '1 32 0.04 0 80 0.02 0.73 0.03 0 52 0.02 0 80 0 03
070 002 064 002 066 0.o2 '1 10 003 0.48 0.03 1 32 004 0.81 0.02 0.73 0.03 053 0.02 082 003
o.71 0.04 0.64 0.03 0.66 0.02 1 10 002 048 001 I 33 004 081 0.03 0.73 0.02 053 0.03 082 003
o'11 003 054 002 057 0.o2 110 004 0.48 002 1.35 0.04 082 003 0.73 0.02 0.53 0.02 082 003
o72 003 064 002 067 003 110 0.02 049 0.02 1.35 0.05 0.82 0.03 073 002 054 002 0.82 003
0.72 002 0.64 0.02 0.67 0.02 112 002 049 002 1.35 0.02 085 002 0.73 0.02 0.54 001 082 003
0.72 002 064 0.03 0.67 0.02 112 0.03 049 00? 135 005 085 0.03 0.73 002 054 002 082 0.03
o72 003 0.64 002 068 0.02 112 0.O2 0.50 002 136 004 086 003 073 003 0.54 0.02 0.82 003073 002 065 0.01 0.68 0.01 1 13 0.04 0.50 002 1 36 0.03 0.86 0.03 0.73 0.03 0.54 0.02 084 003
0.73 0.02 0.55 0.02 0.58 0.o2 1.13 0.03 050 0.02 t37 0.04 0.87 0.03 0.74 0.03 054 002 0.84 003
073 002 065 002 068 0.02 1 13 003 050 0.02 137 004 089 002 074 003 0.55 0.02 0.84 003
o74 002 0.65 0.02 0.69 0.01 1.'13 0.03 0.50 0.02 137 0.04 089 003 074 003 0.55 002 0.85 0.03
0.74 0.o2 0.65 0.03 0.59 002 114 0.03 0.50 0.02 138 002 089 003 074 0.02 0.55 0.02 085 003075 003 066 0.03 0.69 0.02 1.14 0.03 050 002 1 39 0.04 089 002 0.74 0.O2 0.55 0.02 0.86 0.03
0.76 0.02 0.66 0.02 0.70 0.03 1.14 004 051 002 139 0.04 089 002 075 002 0.55 003 0.86 0.03075 002 066 0.03 070 0.03 114 0.04 0.5'1 0.02 1.40 0.04 090 0.03 0.75 0.03 056 001 0.86 003
0.77 0.02 0.66 0.02 070 0.02 1 15 0.03 051 002 141 003 091 004 0.75 002 0.56 002 0.86 003077 003 055 0.06 0.71 0.o2 '1.15 004 0.52 002 142 004 091 003 0.75 002 056 0.02 086 0.04
1992
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106
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t09
lt0
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tt6
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121
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128
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157
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164
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'166
157
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170
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'| 73
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175
176
177
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18t
192
183
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r88
199
190
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192
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r96
197
198
199
200
L W L Iv L W L W L W L W L W L TV L W L W0.77 0.04 0.66 0.03 0.71 0.03 | 17 0.04 0.52 0 02 1.43 o 05 0.92 0.03 076 0.02 0.56 002 0.86 0.03078 003 0.66 0.02 0.71 002 1 18 0.03 0.52 002 143 004 092 0.03 076 0.03 0.56 o.o2 087 0.030.78 0.02 0.67 002 0.72 002 120 0.04 0.52 0.02 144 003 093 0.03 0.76 o.o2 0.57 o.o? 0.87 o04
0 79 0 02 0.67 0.02 0.72 0 02 1.21 0.04 0.52 0 02 1 44 0.04 0.94 0.03 0.76 o.o3 0.58 o 02 o 87 o.o30.79 0.02 0.67 0.02 0 73 0.03 1.21 0.04 0 52 0.02 1 45 0.03 0 94 0.02 0.76 o.o3 o 58 o.o2 0.87 o 030.79 0.03 0.67 0.o2 0.73 0.03 1.21 0 04 0.53 0 02 1.45 0 03 0.95 o.o3 0.77 0.03 o 58 o 03 0.87 o.o30.80 0.03 0.57 0.03 0 73 0.02 1 22 003 0 53 0.02 1 45 0.05 0 96 0.03 0.77 o.o3 o 58 o.o3 0.88 o.o40.81 003 0.58 0.03 0.73 002 122 0.03 053 0.02 1 46 004 096 o.O3 077 003 0.59 0.02 0.88 0.030.82 0.04 0.68 0.04 074 0.03 1.22 0.03 0.53 0.02 1 47 o.O5 0.98 o.O3 0.77 0.03 o 59 o.O3 0.88 o.O50.83 0 02 0.68 0.02 074 0 02 123 0.O4 0.53 0.02 1 48 0.04 0.99 o 04 0.77 0.03 0.59 o.O2 0.89 o.O30.83 002 0.68 0.02 0.75 0.o2 1.23 0.04 0.54 002 149 o.O9 1.00 o.O3 0.77 o.o3 0.59 o.O3 0.89 0.030.84 0 03 0.68 0.03 0 75 0.02 1.24 0.04 0 54 0.02 1 49 o.O5 1.OO O.O3 0.77 0.03 o 61 o.o2 o 90 o.o40.84 003 0.59 003 075 0.o2 1.24 004 055 002 1.50 0.03 1.00 o.o2 0]7 o.o3 061 0.02 0.90 0.040.85 0.05 0.69 0.02 075 003 124 004 0.55 002 151 o.O5 101 o.O3 0.77 o.O3 061 002 0.91 o.o4085 003 0.69 003 076 0.O2 1.25 0.04 0.5s 0.02 1.53 o.O3 1.02 o.O3 0.77 0.03 062 002 0.91 o.o40.85 0.03 0.70 0.o2 0.76 002 125 0.05 0.55 0.02 154 0.04 1.03 oO2 077 o.o2 0.62 o.o4 0.91 0.03
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